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THE  THEORY  AND  PRAOTIOE  OF  SURVEYING 
By  Robert  Gibson > 

"T^ith  the  promptness  of  action  with  which 
he  always  undertook  anything  he  had  to  do, 
Lincoln  procured  Flint  and  Gibson's  treatise 
on  surveying,  and  sought  Mentor  Graham  for 
help.  At  a  sacrifice  of  some  time,  the  school- 
master aided  him  to  a  partial  mastery  of  the 
intricate  subject.  Lincoln  worked  literally 
day  and  night,  sitting  up  night  after  night 
until  the  crowing  of  the  cock  warned  him  of 
the  approachment  of  dawn. 

So  hard  did  he  study  that  his  friends 
were  greatly  concerned  at  his  haggard  face* 
But  in  six  weeks  he  had  mastered  all  the 
books  within  reach  relating  to  the  subject,- 
a  task  which,  under  ordinary  circtimstanoes, 
would  hardly  have  been  achieved  in  as  many 
months." 

(See  Tarbell*e  Lincoln,  vol.  1,  page  100) 

The  two  authorities  mentioned  by  Mss  Tar- 
bell,  wrote  separate  books  on  the  subject  of 
siirveying,  and  not,  as  she  seems  to  indicate, 
a  single  treatise  by  the  two  authors.  The 
copy  of  Gibson's  Surveying  that  Lincoln  used 
is  now  owned  by  the  Chicago  Historical  Soc, 
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EXPLANATION 

Of  the  Mathtvmtical  Characters  used  in  this  lVorA\ 

-|-  signifies  filuSf  or  addition, 
^mm     .      .    minusy  or  subtraction. 
Xor  .  ,  ,    multiplication. 
•^     .     .    division. 
;  :  i  :      .    proportion, 
z=M      .      .     equality. 
^      .      .     square  root. 
^      .     ,     cube  root,  &c. 

(ji     ,     .    diff.  between  two  numbers  when  it  is  not 
known  which  is  the  greater. 

Thus, 

5  +  3,  denotes  that  3  is  to  be  added  to  5. 

6  —  2,  denotes  that  2  is  to  be  taken  from  6. 

7  X  5,  or  7  .  3,  denotes  that  7  is  to  be  multiplied  by  3. 
t  -^  4,  denotes  that  8  is  to  be  divided  by  4. 

2  :  3  : :  4 :  6,  shows  that  2  is  to  3  as  4  is  to  6. 
6  4-4=  10,  shows  that  the  sum  of  6  and  4  is  equal  to  10. 
//  3,  or  3i,  denotes  the  square  root  of  the  number  3. 
v^  5,  or  54,  denotes  the  cube  root  of  the  number  5. 
7*,  denotes  that  the  number  7  is  to  be  squared. 
83,  denotes  that  the  nuQiber  8  is  to  be  cubed: 
&c. 
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THEORY  AND  PRACTICE 

OF 

SURVEYING. 


^jHHE  word  Surveying,  in  the  Mathematics, 
-■-    signifies  the  art  of  measuring  land,  and  of 
delineating  its  boundaries  on  a  map. 

The  Surveyor,  in  the  practice  of  this  art,  directs 
his  attention,  at  first,  to  the  tracing  and  measur- 
ing of  lines ;  secondly,  to  the  position  of  these 
lines  in  respect  to  each  other,  or  the  angles  form- 
ed by  them ;  thu^dly,  to  the  plan,  or  representa- 
tion of  the  field,  or  tract,  which  he  surveys  ;  and 
fourthly,  to  the  calculation  of  its  area,  or  super- 
ficial content.  When  this  art  is  employed  in 
observing  and  delineating  Coasts  and  Harbours^ 
in  determining  their  variation  of  the  Compass, 
their  Latitude,  Longitude  and  soundings,  together 
with  the  bearings  of  their  most  remarkable  places 
from  each  other,  it  is  usually  denominated  Mari- 
time Surveying.  This  branch  of  Surveying,  how- 
ever, demands  no  other  qualifications  than  those, 
which  should  be  thoroughly  acquired  by  every 
Land-Surveyor,  who  aspires  to  tl\e  character  of 
an  accomplished  and  skilful  practitioner.  Survey- 
ing, therefore,  requires  an  intimate  acquaintance 
with  the  several  parts  of  the  Mathematics  Avhich 
are  here  inserted  as  an  introduction  to  this  trea- 
tise. 
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2  DECIMAL  FRACfTIONSi 

PART  L 

Containing  Decimal  Fractions,  Involution  and  Evo- 
lution, the  Nature  and  Use  of  Logarithms,  Geo- 
metry and  Plane  Trigonometry, 

SECTION   I. 

DECIMAL  FRACTIONS. 

If  we  suppose  unity  or  any  one  thing  to  be  di- 
vided into  any  assigned  number  of  equal  parts,  this 
number  is  called  the  denominator;  and  if  we  chuse 
to  take  any  number  of  such  parts  less  than  the 
whole,  this  is  called  the  numerator  of  a  fraction. 

The  numerator,  in  the  vulgar  form,  is  always 
written  over  the  denominator,  and  these  are  sepa- 
rated by  a  smrJl  line  thus :;,  orf  ;  the  first  of  these 
is  called  three-fourths,  and  the  latter  five-eighths 
of  an  inch,  yard,  &c.  or  of  whatever  the  whole 
thing  originally  consisted  :  the  4  and  the  8  are  the 
denominators,  showing  into  how  many  equal  parts 
the  unit  is  divided ;  and  the  three  and  the  five  are 
the  numerators,  showing  how  many  of  those  parts 
are  under  consideration. 

Fractions  are  expressed  in  two  forms,  that  h, 
either  vulgarly  or  decimally. 

All  fractions  whose  denominators  do  not  consist 
of  a  cipher,  or  ciphers,  set  after  unity,  are  cal- 
led vulgar ;  and  their  denominators  are  always 
written  under  their  numerators.  The  treatment 
of  these,  however,  would  be  foreign  to  our  pre- 
sent purpose.  But  fractions  w  hose  denominators 
consist  of  an  unit  prefixed  to  one  or  more  ciphers, 
are  called  decimal  fractions  ;  the  numerators  of 
which  are  written  without  their  denominators^, 
and  are  distinguished  from  integers  by  a  point 
prefixed :  thus  ^^,  ^^2^  and  ^VV^,  in  the  decimal 
form,  are  expressed  by  .2  .42  .172. 


DECIMAL  FRACTIONS.  3^ 

The  denominators  of  such  fractions  consisting 
always  of  an  unit,  prefixed  to  as  many  ciphers  as 
there  are  places  of  figures  in  the  numerators,  it 
follows,  that  any  number  of  ciphers  put  after 
those  numerators,  will  neither  increase  nor  lessen 
their  value :  for  j%  r%l  and  -rVo'^  are  all  of  the 
same  value,  and  will  stand  in  the  decunal  form 
thus  .3  .30  .300 ;  but  a  cipher,  or  ciphers  prefix- 
ed to  those  numerators  lessen  their  value  in  a  ten- 
fold proportion:  for  ■^, /t^  and  tJSJ,  which  in 
the  decimal  form  we  denote  by  .3  .03.  and  .003, 
are  fractions,  of  which  the  first  is  ten  times  greater 
than  the  second ;  and  the  second,  ten  times  great- 
er than  the  third. 

Hence  it  appears,  that  as  the  value  and  deno- 
mination of  any  figure,  or  number  of  figures,  in 
common  arithmetic  is  enlarged,  and  becomes  ten, 
or  an  hundred,  or  a  thousand  times,  greater,  by 
placing  one  or  two,  or  three  ciphers  after  it ;  so 
m  decimal  arithmetic,  the  value  of  any  figure,  or 
number  of  figures,  decreases,  and  becomes  ten, 
or  a  hundred,  or  a  thousand  times  less,  while  the 
denomination  of  it  increases,  and  becomes  so  ma- 
ny times  gi-eater,  by  prefixing  one,  or  two,  or  three 
ciphers  to  it :  and  that  any  number  of  ciphers, 
before  an  integer,  or  after  a  decimal  fraction,  ha? 
m  effect  in  changing  their  values. 


DECIMAL  FRACTIONS. 

SCALE  OF  NOTATION. 
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ADDITION  OF  DECIMALS. 

Write  the  numbers  under  each  other  according 
to  the  value  or  denomination  of  their  places ; 
which  position  will  bring  all  the  Decmial  points 
into  a  column,  or  vertical  line,  by  themselves. 
Then,  beginning  at  the  right  hand  column  of 
figures,  add  in  the  same  manner  as  in  whole  num- 
bers, and  put  the  decimal  point,  in  the  sum  di- 
rectly beneath  the  other  points. 

EXAMPLES. 

Add  4.7832  3.2543   7.8251    6.03    2.857    and 
3.251  together.    Place  them  thus, 
4.7832 
3.2543 
7.8251 
6.03 
2.857 
3.251 


Sum=  28.0006. 


DECIMAL  FRACTIONS.  I 

Add  6.2  121.306  .75  2.7  and  .0007  to- 
gether.     121.306 
.75 
2.7 
.0007 


Sum  =130.9567 


What  is  the  sum  of  6.57  1.026  .75  146.5 
8.7  526.  3.97  and  .0271  ? 

Answer  693.5431. 

What  is  the  sum  of  4.51    146.071  .507  .0006 
132.  62.71  .507  7.9  and  .10712  ? 
Answer  354.31272. 

SUBTRACTION  OF  DECIMALS. 

Write  the  figures  of  the  subtrahend  beneath 
those  of  the  minuend  according  to  the  denomina- 
tion of  their  places,  as  directed  in  the  rule  of 
addition;  then,  beginning  at  the  right  hand,  sub- 
tract as  in  whole  numbers,  and  place  the  decimal 
point  in  the  difference  exactly  under  the  other 
two  points. 

EXAMPLES. 

From  38.765  take  25.3741 
25.3741 


Difference  =13.3909 


From  2.4  take  .8472 
.8472 


Diff.=  1.5528 


a  DECIMAL  PRACTIONS. 

From  71.45  take  8.4837248. 

Difference  =  62.9662752. 
From  84  take  82.3412. 
Diff.  =  1.6588. 

3VIULTIPLICATI0N  OF  DECIMALS. 

Set  the  multiplier  under  the  multiplicand  with- 
out any  regard  to  the  situation  of  the  decimal 
point ;  and  having  multiplied  as  in  whole  numbers, 
cut  off  as  many  places  for  decimals  in  the  product, 
counting  from  the  right  hand  towards  the  left,  as 
there  are  in  both  the  multiplicand  and  multiplier  : 
but  if  there  be  not  a  sufficient  number  of  placea 
in  the  product,  the  defect  may  be  supplied  by  pre- 
fixing ciphers  thereto. 

For  the  denominator  of  the  product  being  an 
unit,  prefixed  to  as  niany  ciphers,  as  the  denomi- 
nators of  the  multiplier  and  multiplicand  contain 
of  ciphers,  it  follows,  that  the  places  of  decimals 
in  the  product,  will  be  as  many  as  in  the  numbers 
torn  whence  it  arose. 

EXAMPLES. 

Multiply  48.765  by  .003609 
.003609 
438885 
292590 
146295 


Product=  .175992885 
Multiply  .121 
by  .14 

484 
121 


Product  =.01 694 


Decimal  fractions. 

Multiply  121.6  by  2.76 
2.76 


7296 
8512 
2432 


Product  =335.616 


Multiply  .0089789  by  1085 
Product  =  9.7421065 

Multiply  .248723  by  .13587 
Product  =  .03379399401. 

DIVISION  OF  DECIMALS. 

Divide  as  in  whole  numbers ;  observing  that  the 
divisor  and  quotient  together  must  contain  as  ma- 
ny decimal  places  as  there  are  in  the  dividend.  If, 
therefore,  the  dividend  have  just  as  many  places 
of  decimals  as  the  divisor  has,  the  quotient  will 
be  a  whole  number  without  any  decimal  figures^ 
If  there  be  more  places  of  decimals  in  the  divi-i 
dend,  than  there  are  in  the  divisor,  point  off  as 
many  figures  in  the  quotient  for  decimals,  as  the 
decimal  places  in  the  dividend  exceed  those  in  the 
divisor ;  the  want  of  places  in  the  quotient  being 
supplied  by  prefixing  ciphers.  But  if  there  be 
more  decimal  places  in  the  divisor,  than  in  the  di- 
vidend, annex  ciphers  to  the  dividend,  so  that  the 
decimal  places  here  may  be  equal,  in  number,  to 
those  in  the  divisor ;  and  then  the  quotient  will  be 
a  whole  niimber,  without  fractions. 

When  there  is  a  remainder,  after  the  division 
has  been  thus  performed,  annex  ciphers  to  this 
remainder,  and  continue  the  operation  till  nothing 
remains,  or  till  a  sufficient  number  ©f  decimal^ 
shall  be  found  in  the  qu<.>tierit. 


'6  DECIMAL  FRACTIONS. 

EXAMPLES* 

Divide  .144  by  .12 

.12).144(1.2  =  quotient. 
12 


24 
24 


0 
Divide  63.72413456922  by  2718 
271 8)63.7241 3456922(.02344522979  =  quotient, 
5436 


9364 
8154 

12101 

10872 

12293 
.10872 


14214 

13590 


6245 
5436 

8096 
5436 

26609 
24462 

21472 
19026 

24462 
24462 

0 
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There  being  11  decimal  figures  in  the  dividend, 
and  none  in  the  divisor,  1 1  figures  are  to  be  cut  off 
in  the  quotient ;  but  as  the  quotient  itself  con- 
sists of  but  10  figures,  prefix  to  them  a  cipher  to 
complete  that  number. 

Divide  1.728  by  .012 

i)12)l.728(144=quotient, 
12 


52 
48 


48 
48 


0 

Because  the  number  of  decimal  figures  in  the 
divisor  and  dividend,  are  alike,  the  quotient  will 
be  integers. 

Divide  2  by  3.1416 
3.141 6)2.0000,0(0.6366 1 8+ =quotient , 
1  8849  6 


115040 
94248 


207920 
188496 

194240 
188496 

*  57440 
31416 

260240 
251228 

9012-f 
C 


10  DECIMAL  FRACTIONS. 

In  this  example  there  are  four  decimal  figures 
in  the  divisor,  and  none  in  tlie  dividend ;  there- 
fore, according  to  the  rule,  four  ciphers  are  an- 
nexed to  the  dividend,  which  in  this  condition,  is 
yet  less  than  the  divisor.  A  cipher  must  then  be 
put  in  the  quotient,^  in  the  place  of  integers,  and 
otber  ciphers  annexed  to  the  dividend  ;  and  the 
division  being  now  performed,  the  decimal  figures 
of  the  quotient  are  obtained. 

Divide  7234 . 5  by  6.5    Cluotient  ==  1 113. 

Divide  476.520  by  .423 =  1126.5+ 

Divide  .45695   by  12.5 =.0365+ 

Divide  2.3  by  96    =.02395+ 

Divide  87446071  by  .004387  —=19933000000, 
Divide  .624672  by  482 ■ =.001296. 

REDUCTION  OF  DECIMALS. 

RULE  I. 

To  reduce  a  Vulgar  Fraction  to  a  Decimal  of  the 
same  value. 

Having  annexed  a  sufficient  number  of  ciphers, 
as  decimals,  to  the  numerator  of  the  vulgar  frac- 
tion, divide  by  the  denominator ;  and  the  quo- 
tient thence  arising,  will  be  the  decimal  fraction 
requhed. 

EXAMPLES. 

Reduce  |  to  a  decimal  fraction.   ' 
4)3.00 

,75=decimal  required. 

For  \  of  one  acre,  mile,  yard,  or  any  thing, 
is  equal  to  ^  of  3  acres,  miles,  yards,  &c.  there* 


DECIMAL  FRACTIONS.  H 

foi'e  if  3  be  divided  by  4,  the  quotient  is  the  an*- 
swer  required. 

Reduce  I  to  a  decimal  fraction.     Answer  .4 
Reduce  If  .        ...         .48 

Reduce  tVj  -        -         •        -         .1146789 

Reduce  i  .        -        .        .         .7777  + 

Reducell  -        -        -        -         .9130434+ 

Reduce  t,  7,  i,  h  and  so  on  to  i^V,  to  thek  cor- 
jesponding  decimal  fractions  ;  and  in  this  opera- 
tion the  various  modes  of  interminate  decimals 
may  be  easily  observed. 

RULE  II. 

To  reduce  Quantities  of  the  same,  or  of  differ erd 
Denominations  to  Decimal  Fractions  cf  higher 
denominations. 

If  the  given  quantity  consist  of  one  denomina- 
tion only,  write  it  as  the  numerator  of  a  vulgar 
fraction  ;  then  consider  how  many  of  this  make 
one  of  the  higher  denomination,  mentioned  in  the 
question,  and  write  this  latter  number  under  the 
former,  as  the  denominator  of  a  vulgar  fraction. 
When  this  has  been  done,  divide  the  numerator 
by  the  denominator,  as  dii'ected  in  the  foregoing 
rule,  and  the  quotient  resulting  will  be  the  deci- 
mal fraction  required. 

But  if  the  given  quantity  contain  several  deno- 
minations, reduce  them  to  the  lowest  term  for  the 
numerator;  reduce  likewise  that  quantity,  whose 
fraction  is  sought,  to  the  same  denomination  for 
the  denominator  of  a  vulgar  fraction ;  then  divide 
as  before  directed. 

EXAMPLES. 

Reduce  9  inches  to  the  Decimal  of  a  foot, 
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The  foot  beinfi^  equal  to  12  inches,  the  vulgar 
fraction  will  be  A  ;  then  12)9.00 

.75=  decimal  frac- 
[tion  required, 
Reduce  8  inches  to  the  decimal  of  a  yard. 
8  inches. 

1  yard  x  3  x  12  =  36  inches. 

36)8.0(.22  +  =  Answer, 

72 


80 

72 

8 

Reduce  5  furlongs  12  perches  to  the  decimal  of 
a  mile. 

1  mile  5  furlongs 

8  40 


8     fur.  200 

40  =  vulgar  fraction. 

320 

320  per. 

320)200.0(.625  =  decimal  sought, 
1920 


800 
640 


1600 
1600 


Reduce  21  minutes  54  seconds  to  the  decimal  of 

a  degree.     Ans.  .365 
Reduce  .056  of  a  pole  to  the  decimal  of  an  Acre. 

Ans.  .00035 
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Heduce  13  cents  to  the  decimal  of  an  Eagle. 

Ans.  .013 
Reduce  14   minutes  to  the  decimal  of  a  day. 

Ans.  .00972+ 
Reduce  3  hours  46  minutes  to  the  decimal  of  a 

week.     Ans.  .0224206+ 

RULE  III. 

To  find  the  value  of  Decimal  Fractions  in  terms  of 
the  lotver  denominations. 

Multiply  the  given  decimal  by  the  number  of 
the  next  lower  denomination,  which  makes  an 
integer  of  the  present,  and  point  off  as  many  pla- 
ces at  the  right  hand  of  the  product,  for  a  re- 
mainder, as  there  are  figures  in  the  given  deci- 
mal. Multiply  this  remainder  by  the  number  of 
the  next  inferior  denomination,  and  point  off  a  re- 
mainder, as  before.  Proceed  in  this  mannei^ 
through  all  the  parts  of  the  integer,  and  the  seve- 
ral denominations,  standing  on  the  left  hand,  are 
the  value  required. 

EXAMPLES. 

Required  the  value  of  .3375  of  an  acre. 

4  =  number  of  roods 

[in  an  acre. 

1.3500 

40  =  niunberof  perch- 

[es  in  a  rood. 

14.0000 

The  value,  therefore,  is  1  rood  14  perches. 
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tlTiat  is  the  value  of  .6875  of  a  yard  ? 

3= number  of  feet  in  a 

— [yard. 

2.0625 

12=5=  number  of  inches  in 

[a  foot. 

.7500 

12«=  number  of  lines  in 
[an  inch. 


9.0000 
The  answer  here  is  2  feet  9  lines. 

What  is  the  value  of  .084  of  a  furlong  ?     Ans.  3 

per.  1  yd.  2  ft.  11  in. 
What  is  the  value  of  .683  of  a  degree  ?     Ans.  40 

m.  58  sec.  48  thirds. 
AVhat  is  the  value  of  .0053  of  a  mile  ?     Ans.  1 

per.  3  yds.  2  ft.  5  in.+ 
What  is  the  value  of  .036  of  a  day  ?         Ans.  51' 
'     50"  24'". 

PROPORTION 

IN  DECIMAL  FRACTIONS. 

Having  reduced  all  the  fractional  parts  in  the 
given  quantities  to  their  corresponding  decimals, 
and  having  stated  the  three  known  terms,  so  that 
the  fourth,  or  required  quantity,  may  be  as  much 
greater,  or  less  tlian  the  third,  as  the  second  term 
is  greater,  or  less  than  the  first,  then  multiply  the 
"second  and  third  terms  together,  and  divide  the 
product  by  the  first  term,  and  the  quotient  will 
be  the  answer  ; — in  the  same  denomination  with 
the  third  term. 

EXAMPLES. 

If  3  acres  3  roods  of  land  can  be  purchased  for 
93  dollars  60  cts.  how  much  will  15  ^cres  1  rood 
cost  at  that  rate  ? 
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3  acs.  3  rds.  =^  -  3.75  acres. 
15  acs.  1  rd.   =»  15.25  acres. 
S93  ,  eOcts.    ^893.60 
Then  3.75  :  15.25  :  :  93.60  : 

1.5.25 


468  00 
1872  0 
46800 
9360 


3.75)1 427.4000(380.64= Answer. 
1125 


3024 
3000 


2400 
2250 

1500 
1500 

If  a  clock  gain  14  seconds  in  5  days  6  hour^ 
how  much  will  it  gain  in  1 7  days  1 5  hours  ?  Ans* 
47  seconds. 

If  187  dollars  85  cents  gain  12  dollars  33  cents 
interest  in  a  year,  at  what  rate  per  cent  is  this  ia  • 
terest?    Ans.  6.56+ 


SECTION  II, 

INVOLUTION  AND  EVOLUTION. 

Involution  is  the  method  of  raising  any  num- 
ber, considered  as  the  r®Qt,  to  any  required  power< 
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Any  number,  whether  given,  or  assumed  at 
pleasure,  may  be  called  the  root,  or  first  power 
of  this  number ;  and  its  other  powers  are  the  pro- 
ducts, that  result  from  multiplying  the  number 
by  itself,  and  the  last  product  by  the  same  num- 
ber agahi ;  and  so  on  to  any  number  of  multipli- 
cations. 

The  index,  or  exponent,  is  the  number  donot- 
ing  the  height,  or  degree  of  the  power,  being 
always  greater  by  one,  than  the  number  of  multi- 
plications employed  in  producing  the  power  It 
is  usually  written  above  the  root,  as  in  the  follow- 
ing EXAMPLE,  where  the  method  of  involution  is 
plainly  exhibited. 

Required  the  fifth  power  of  8  )   the  root,  or  first 
first  multiply  by      -    -    8  J  ~     power. 

then  multiply  the  product  64  =  8*  =  square,  or 
by        8        [second  power. 

&c.   512  =  8^  ==  cube,  or 
8  [third  power. 

4096  =  8^=biquadrate 
8  [or  fourth  power. 

32768  =  8*  =  Answer. 

EXAMPLES  rOR   EXERCISE. 

What  is  the  second  power  of  3.05  ?     Ans.  9.3025 
What  is  the  third  power  of  85.3  ?    Answer, 

620650.477 
What  is  the  fourth  power  of  .073  ?     Answer, 

090028398241 
What  is  the  eighth  power  of  .09  ?    Answer, 

.00.00.00.0043046721 
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*Note.  When  two,  or  more  powers  are  multi- 
plied together,  their  product  is  that  power,  wliose 
index  is  the  sum  of  the  indices  of  the  factors,  or 
powers  multiplied. 

Evolution  is  the  method  of  extractins;  any  re- 
quned  root  from  any  given  power. 

Any  number  may  be  considered  as  a  power  of 
some  other  number  ;  and  the  required  root  of  any 
given  power  is  that  number,  v/hich,  being  multi- 
plied into  itself  a  particular  num]>er  of  limes,  pro- 
duces the  given  power;  thus  if  81  be  the  given 
"number,  or  power,  its  square,  or  second  root,  is  9 ; 
because  9  x  9=9^  =81 ;  and  3  is  its  biquadrate,  or 
fourth  root,  because  3x3>r3x3=:3'*=81.  Again, 
if  729  be  the  given  power,  and  its  cube  root  be  re- 
quired, the  aii-wer  is  9,  for  9x9x9=729  ;  and  if 
the  sixth  root  of  that  niunber  be  required,  it  is 
found  to  be  3,  for  3x3x3x3x3x3=729. 

The  required  power  of  any  given  number,  or 
root,  can  always  be  obtained  exactly,  by  multi- 
plying the  number  continually  into  itself;  but 
there  are  many  numbers,  from  wdiich  a  proposed 
root  can  never  be  completely  extracted  ; — yet  by 
approximating  with  decimals,  these  roots  may  be 
found  as  exact  as  necessity  requires.  The  roots 
that  are  found  complete,  are  denominated  rational 
roots,  and  those,  which  cannot  be  found  complet- 
ed, or  which  only  approximate,  are  called  surd^ 
or  irrational  roots. 

Roots  are  usually  represented  by  these  cha- 
racters or  exponents ; 

^^ ,  or  I  which  signifies  the  square  root ;  thus, 
V  9,  or  91  =3 

V  or^  cube  root;  v'  ^4,  or  64 '  =  4 

i  i. 

■>,  or-"  biquadrate  root ;      t'  W,  or  1B*=-2  'l'\ 

n 


n  EVOLUTION. 

3 

Likewise  8^  signifies  the  square  root  of  8  cub- 
ed ;  and,  in  general,  the  fractional  indices  imply, 
that  the  given  numl3ers  are  to  be  raised  to  such 
powers  as  are  denoted  by  their  numerators,  and 
that  such  roots  are  to  be  extracted  from  these 
powers,  as  are  denoted  by  their  denominators. 

RULE 

For  extracting  the  Square  Root, 

Separate  the  given  number  into  periods  of  two 
figures,  by  putting  a  point  over  the  place  of  units, 
another  over  the  place  of  hundreds,  and  so  on, 
over  every  second  figure,  both  toward  the  left 
hand  in  whole  numbers,  and  toward  the  right  hand 
in  the  Decimal  places. — When  the  number  of 
integral  places  is  odd,  the  first,  or  left  hand  pe- 
riod, will  consist  of  one  figure  only. 

Find  the  greatest  square  in  the  first  period  on 
the  left  hand,  and  write  its  root  on  the  right  hand 
of  the  given  number,  in  the  manner  of  a  quotient 
figure  in  division. 

Subtract  the  square,  thus  found,  from  the  said 
period,  and  to  the  remainder  annex  the  two 
figures  of  the  next  following  period,  for  a  divi- 
dend. 

Double  the  root  above  mentioned  for  a  divi- 
sor, and  find  how  often  it  is  contained  in  the  said 
dividend,  exclusive  of  its  right  hand  figure,  and 
set  this  quotient  both  in  the  place  of  the  quotient 
and  in  the  divisor. — The  best  way  of  doubling 
the  root,  to  form  each  new  divisor,  is  to  add  the 
last  figure  always  to  the  last  divisor,  as  it  is  done 
in  the  subsequent  examples. 

Multiply  the  whole  augmented  divisor  by  this 
last  quotient  figure,  and  subtract  the  product  from 
the  said  dividend,  bringing  down  to  it  the  next 
period  of  the  given  number  for  a  new  dividend. 
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Repeat  the  same  operation  again ;  that  is,  find 
another  new  divisor,  by  doubling  all  the  figures 
now  found  in  the  root ;  from  w  hich,  and  the  last 
dividend,  find  the  next  figure  of  the  root  as  be- 
fore ;  and  so  on  through  all  the  periods  to  the 
last. 

Note  1.  After  the  figures  belonging  to  the  giv- 
en number  are  all  exhausted,  the  operation  may 
be  continued  in  decimals,  by  annexing  any  num- 
ber of  periods  or  ciphers  to  the  remainder. 

2.  The  number  of  integral  places  in  the  root, 
is  always  equal  to  the  number  of  periods  in  th^ 
integral  part  of  the  resolvend. 

3.  When  vulgar  fractions  occur  in  the  given 
power,  or  number,  they  may  be  reduced  to  deci= 
mals,  then  the  operation  will  be  the  same  as  be- 
fore dictated. 

EXAMPLES. 

Required  the  square  root  of  1710864. 


1710864(1308.^  Answer. 
1 


23 
3 


71 

69 


2608  I  20864 
20864 
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Required  tlie  square  root  of  16007.31 01. 


1 
1 

16007.3104 
1 

22 

60 
44 

246 
6 

1607 
1476 

2525  13131 
5  12625 

2530 

2   50604 
50604 

EXAMPLES    FOR   EXERCISE, 

Required  the  square  root  of  298116.  Ans.  546, 
Required  the  square  root  of  348.17320836.  Ans, 

18.6594. 
Requhed  the  square  root  of  17.3056.  Ans.  4.16. 
Requhed  the  square  root 'of  .000729.  Ans.  .027, 
Requuedthe  square  root  of  17f  Ans.  4.168333+ 

A  GENERAL  RULE 
For  exirading  any  Root  nhatever. 

Find  by  trial  a  number,  which,  when  involved 
to  the  power  denoted  by  the  index  of  the  requir- 
ed root,  shall  come  nearest  to  the  given  number, 
whether  greater  or  less ;  and  let  that  number  be 
called  the  assumed  root,  and  when  thus  involved. 
the  assumed  power. 
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Let  the  given  power,  or  number  be  repre- )  p 
sentedby  ^  )     * 

the  index,  or  exponent,  in  the  question  by  X. 
the  assumed  power,  by  A, 

the  assumed  root,  by  Q. 

and  the  requked  root  by  R. 


Then  X  +  1  x  A+X— 1  xG :  X+lxG+X— 1  x  A 
: :  a  :  R, 

That  is,  as  the  sum  of  X4-1  times  A  and  X — 
1  times  G, 

is  to  the  sum  of  X+1  times  G  and  X — 1 

times  A, 
so  is  the  assumed  root,  CI, 
to  the  required  root,  R, — nearly ;  and  the 
operation  may  be  repeated  as  many  times  as  we 
chuse,  by  using  always  the  root  last  found  for  the 
assumed  root,  and  this,  involved  according  to  the 
given  index,  for  the  assumed  power,* 

EXAMPLES. 

1.  Required  the  Cube  root  of  789. 

*  "  This  is  a  very  general  approximating  rule,"  says  Dr.  Hut- 
ton,  '*  of  wliich  that  for  the  cube  root  is  a  particular  case,  and  is 
the  best  adapted  for  practice  and  for  memory,  of  any  that  1  have 
yet  seen.  It  was  first  discovered  in  this  form  by  myself,  and  the 
investigation  and  use  of  it  were  given  at  large  in  my  Tracts — ^page 
45  ^c." 
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Here  0=789,  X=3,  a=9,  A=9'  =729,  X+l 
«.4andX~l  =  2. 

And  4X729=2916     4x789=3156 
2X789=1578     2^729=1458 


Then  4494        :  4614 : :  9 :  9.240+ 

9 


4494)4 1 526(9.2403+[  Ans. 
40446 


10800 
8988 

18120 
17976 


14400 
13482 


918  &c. 

In  the  foregoing  example  the  answer  is  strictly- 
correct  in  its  integral  part  and  also  in  the  three  first 
decimal  places ;  but  if  more  decimals  were  wanted, 
and  if  their  exactness  were  likewise  requisite,  the 
present  answer  might  be  taken  for  the  assumed 
root,  and  the  whole  operation  should  be  repeated. 

2.  Required  the  biquadrate  root  f)f  2.0743. 

Here  G =2.0743,  a=  1. 2, A=  1^2^=2.0736,  X=4, 

X+l  =  5,  and  X- 1=3. 
And   5X2.0736=10.3680  5x2.0743=10.3715 
3x2.0743=   6.2229  3X2.0736=   6.2208 


Then  16.5909         :  16.5923 

[  :  :  1.2  :  1.2001+ Ans. 
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Required  the  fifth  root  of  21035.8  Ans.  =7.3213+ 
Requiredthe  sixth  rootof  21035.8  Ans.  =5.2540-^ 
Required  the  cube  root  of  999  Ans.  =9.9966+ 
Required  the  fourth  root  of  97.41  Ans.  =3.1416 
Required  the  cube  root  of  .037  Ans.  =,33322+ 
Required  the  cube  root  of  2  Ans.  =1.2599+ 
Required  the  seventh  root  of  21035,8    Answer = 

[4.1454, 


SECTION  III. 

OP  LOGARITHMS. 

Logarithms  are  a  series  of  numbers,  so  contrive 
^d,  that  by  them  the  work  of  multiplication  may 
be  performed  by  addition  ;  and  the  operation  of 
division  may  be  done  by  subtraction.  Or, — Lo- 
garithms are  the  indices,  or  series  of  numbers  in 
arithmetical  progression,  corresponding  to  another 
series  of  numbers  in  geometrical  progression. 
Thus, 

<  0,1,2,3,  4,   5,  6,  &c.  Indices  or  Logarithms. 

I  1, 2, 4, 8, 16, 32, 64,  &c.  Geometrical  progression. 

Or, 

(  0, 1,  2,    3,    4,      5,      6,  &c.  Ind.  or  Log. 

I  1,  3,  9,  27,  81, 243, 729,  &c.  Geometrical  Serie?. 

Or, 

(0,    1,      2,        3,  4,  5,         6,&c.I.orL. 

(  1,  10,  100,^1000,  10000,  100000,  1000000,  &c. 
Geometrical  series, — where  the  same  indices  serve 
equally  for  any  Geometrical  series,  or  progres- 
sion. 

Hence  it  appears  that  there  may  be  as  many 
kinds  of  indices,  or  logarithms,  as  there  can  be 
taken  kinds  of  geometrical  series.  But  the  Loga- 
rithms most  convenient  for  C9mm<i)n  Mses  are  those 
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adapted  to  a  geometrical  series  increasing;  in  n 
ten-fold  progression,  as  in  the  last  of  the  foregoing 
examples. 

In  t lie  geometrical  series  1,  10,  10(>,  UXX),  &c. 
if  betweeri  the  terms  1  and  10,  the  niimbiis  2,  3, 
4,  5,  6,  7,  8,  9  were  inttrpo^d,  indices  might  also 
be  adapted  to  them  in  an  arithmetical  progres- 
sion, suited  to  the  terms  interposed  between  I 
and  10,  considered  as  a  geometrical  progression. 
Moreover,  proix^r  indices  may  be  found  to  all  the 
numbers,  that  can  be  interposed  between  any  two 
terms  of  the  Geometrical  series. 

But  it  is  evident  that  all  the  indices  to  the  num- 
l)ers  under  10,  must  be  less  than  1  ;  that  is,  they 
must  l)e  fractions.  Those  to  the  numl)ers  between 
10  and  UK>,  nuist  fall  between  1  and  2  ;  that  is, 
they  are  mixed  numbei-s,  consisting  of  1  and  some 
fraction.  Likewise  the  indices  to  the  numbei's  l)e- 
tween  100  and  1000,  will  fall  between  2  and  3; 
that  is,  they  are  mixed  nu miners,  consisting  of  2 
and  some  fraction  ;  and  so  of  the  other  indices. 

Hereafter  the  integral  part  only  of  these  indices 
will  be  called  the  Index  ;  and  the  fracti)>nal  part 
will  be  called  the  Logarithin.  The  computation 
of  these  fractional  parts,  is  called  making  Loga- 
rithms;  and  the  most  troublesome  part  of  this 
work  is  to  make  the  Logarithms  of  Prime  Xum- 
ifr>,  or  those  which  cannot  be  divided  by  any 
other  numbers  than  themselves  and  unity. 

RULE  • 

For  Computing  the  Logarithms  of  Xumbcrs. 

Let  the  sum  of  its  proposed  numl)er  and  tl)e  next 
less  nmnber  be  called  A.  Divide  0.8685889638X1 


«» ^ 


f  ~  S5858S96354.  is  the  quotient  cf  C  div^ed  by 

.  i«  the  iosaLTithm  of  1(a,  acconiiog  to  the  first 
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by  A,  and  reserve  the  quotient.  Divide  the  re- 
served quotient  by  the  square  of  A,  and  reserve 
this  quotient.  Divide  the  last  reserved  quotient 
by  the  square  of  A,  reserving  the  quotient  still ; 
and  thus  proceed  as  lonsj  as  division  can  be  made. 
Write  the  reserved  quotients  orderly  under  one 
another,  the  first  being  uppermost.  Divide  these 
quotients  respectively  by  the  odd  numbers  1,  3,  5, 
7,  9,  11,  kc;  that  is,  divide  the  first  reserved  quo- 
tient by  1,  the  second  by  3,  the  thud  by  5,  the 
fourth  by  7,  &:c.  and  let  these  quotients  be  written 
orderly  under  one  another ;  add  them  together,  and 
their  sum  will  be  a  logarithm.  To  this  logarithm 
add  the  logarithm  of  the  next  less  number,  and  the 
sum  will  be  the,logarithm  of  the  number  proposed. 

form  of  Lord  Napier,  the  inventor  of  logariihms.  The  manner  m 
■which  Napier's  logarithm  of  10  is  found,  may  be  seen  in  most  books 
of  x\lgebra,  but  it  is  here  omitted,  because  students  of  Surveying 
are  too  generally  vmacquainled  with  the  principles  of  that  science, 
and  the  subject  is  too  extensive  for  the  present  treatise.  Those, 
however,  who  have  not  an  opportunity  for  entering  thoroughly  into 
this  subject,  may  with  more  propriety  graiit  the  truth  of  one  number, 
and  thereby  be  enabled  to  try  the  correctness  of  any  logarithm  in  the 
tables,  than  receive  those  tables,  as  truly  computed,  without  any 
2neans  of  examining  their  accuracy. 


m 
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EXAMPLE  I. 

Required  Ihe  Logarithm  of  the  number  2. 

Here  the  next  less  number  is  1,  and  2+1  =3  = 
A.  and  A^  or  3^=  9 ;  then 

3)0.868588964 

9)0.289529654 -r-  1=0.289529654 
9)0.032169962-T-  3=0.010723321 
9)0.003574440^  5=0.000714888 
9)0.000397160-  7=0.000056737 
9)0.000044129^  9=0.000004903 
9)0.000004903-^  1 1  =  0.000000446 
9)0.000000545-r- 1 3= 0.000000042 
0.00000006 1-^15  =0.000000004 


To  this  Logarithm  0.301029995 
addtheLogarithmofl  =0.000000000 

Their  Sum=0.301029995=Log.  of  2. 

The  manner  in  which  the  division  is  here  carried 
on,  may  be  readily  perceived  by  dividing,  in  the 
first  place,  the  given  dechnal  by  A,  and  the  suc- 
ceeding quotients  by  A* ;  then  letting  these  quo- 
tients remain  in  their  situation,  as  seen  in  the  ex- 
ample, divide  them  respectively  by  the  odd  num- 
bers, and  place  the  new  quotients  in  a  column  by 
themselves.  By  employ uig  this  process,  the  ope- 
ration is  considerably  abbreviated. 
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EXAMPLE  2. 

Required  the  Logarithm  of  the  number  3. 

Here  the  next  less  number  is  2 ;  and3+2  5=A, 
andA'=25. 

5)0.868588964 
25)0.173717793-T-  1  ==0.173717793 
25)0.006948712-i-  3=0.002316237 
25)0.000277948-=-  5=0.000055599 
25)0.00001 1118-f-  7=0.000001588 
25)0.000000445-i-  9=0.000000049 
0.000000018H-11  =0.000000002 


To  this  Logarithm     0.176091259 
add  the  Logarithm  of  2=0.301029995 


Their  Sum=0.477121254  =  Log.  of  3. 

Then,  because  the  sum  of  the  logarithms  of 
numbers,  gives  the  logarithm  of  tlieir  product;  and 
the  difference  of  the  logarithms,  gives  the  logarithm 
of  the  quotient  of  the  numbers  :  from  the  tAvo  pre- 
ceding logarithms,  and  the  logarithm  of  10,  which 
is  1,  a  great  many  logarithms  can  be  easily  made, 
as  in  the  following  examples. 

Example  3.     Requiied  the  Logarithm  of  4. 

Since  4=2x2,  then  to  the  Logarithm  of 

2=0.301029995 
add  the  Logarithm  of  2=0.301029995 

The  sum=Loffarithm  of  4=0,602059990 
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Example  4.     Required  the  Logarithm  of  5, 

lO-f-2  being =5,  therefore  from  the  Log.  of 

10  =  1.000000000 
s\ibtract  the  Log.  of  2=0.301029995 


the  remainder  is  the  Log.  of  5=0.698970005> 
Example  5.     Required  the  Logarithm  of  6. 

6=3x2,  therefore  to  the  Logarithm  of 

3=0.477121254 

add  the  Logarithm  of  2=0.301029995 


their  sun=Log,  of  6=0.778151249 

Example  6.     Required  the  Logarithm  of  8. 

8=2^  therefore  multiply  the  Logarithm  of 

2=0.301029995 
by  3 

The  product =Log.  of  8=0.903089985 
Example  7.     Required  the  Logarithm  of  9. 

9^3^  therefore  the  Logarithm  of 

'•      .  3=0.477121254 

being  multiplied  by  2 

the  product=Log.  of  9=0.954242508 
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Example  8.     Required  the  Logarithm  of  7. 

Here  the  next  less  number  is  6,  and  7+6=13= 
A,and  A^=169. 
13)0.868588964 

169)0.066814536-7-1=0.066814536 

l69)0.000395352-r3=0.000131784 

169)0.000002339-5=0.000000468 

0.000000014-^7=0.000000002 


To  this  Logarithm= 0.066946790 
add  the  Log.  of  6=0.778151249 


The  Log.<! 


Their  sum=  0.845098039= Log.  of  7. 
rofl2  rof3and4. 

of  14  of  7  and  2. 

of  15  is  equal  to  the  sum  ^  of  3  and  5. 

of  16        of  the  Logs.        *^  of  4  and  4. 

of  18  of  3  and  6. 

of  20  l^of4and5. 

The  Logarithms  of  the  prime  numbers,  11,  13, 
17,  19,  &:c.  being  computed  by  the  foregoing  gene- 
ral Rule,  the  Logarithms  of  the  intermediate  num- 
bers are  easily  found  by  composition  and  division. 
It  may,  however,  be  observed,  that  the  operation  is 
shorter  in  the  larger  prime  numbers;  for  when  any 
given  number  exceeds  400,  the  first  quotient,  being 
added  to  the  Logarithm  of  its  next  lesser  number, 
will  give  the  Logaiithm  sought,  true  to  8,  or  9 
places ;  and  therefore  it  will  be  very  easy  to  exa- 
mine any  suspected  Logarithm  in  the  Tables. 

For  the  arrangement  of  Logarithws  in  a  Tahlcy 
the  method  of  finding  the  Logarithm  of  any  natural 
number,  and  of  finding  the  natural  number  corrcs- 
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ponding  to  any  given  Logarithm,  therein :  likewise 
for  particular  rules  concerning  the  Indices^  the  read- 
er ivill  consult  Table  1,  mith  its  explanation,  at  the 
end  of  this  Treatise. 

MUL  TIP  Lie  A  TION, 

Two,  or  more  numbers  being  given,  to  find  their  pro- 
duct by  Logarithms, 

RULE. 

Having  found  the  Logarithms  of  the  given  num- 
bers in  the  Table,  add  them  together,  and  their 
sum  is  the  Logarithm  of  the  product ;  which  Lo- 
garithm, being  found  in  the  Table,  will  give  a  na- 
tural number,  that  is,  the  product  required. 

Whatever  is  carried  from  the  decimal  part  of  the 
Logarithm  is  to  be  added  to  the  affirmative  indices ; 
but  subtracted  from  the  negative.  Likewise  the  in- 
dices must  be  added  together,  when  they  are  all  of 
the  same  kind,  that  is,  when  they  are  all  affirma- 
tive, or  all  negative ;  but  when  they  are  of  different 
kinds,  the  difference  must  be  found,  which  will  be 
of  the  same  denominatioti  with  the  greater. 

Example  1.  Required  the  product  of  86.25 
multiplied  by  6.48 

Log.  of  86.25  =  1.935759 
Loo;,  of    6.48=0.811575 


Products  558.9=2.747334 

Examine  2.  Required  the  product  of  46.75  and 
.3275 

Log.  of  46.75=     1.669782 
Log.  of  .3275=— 1.515211 

Product  =  15.31+  =    1.184993 
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Example  3.     Required  the  product  of  3.768, 
2.053  and  .007693. 

Log.  of  3.768=  0.576111 
Log.  of  2.053==  0.312389 
Log.  of  .007693=— 3.886096 


Product=.0595lx  =—2.774596 

Example  4.     Required  the  product  of  27,63, 
1.859,  .7258  and  0.3591. 

Log.  of  27.63  =  1.441381 
Log.  of  1.859=  0.269279 
Log.  of  .7258  =—1.860817 
Log.  of  .03591  =  — 2.555215 


Product  nearly  =1.339  =     0.126692 

DIVISION. 

Two  numbers  being  giveUy  to  find  how  many  times 
one  is  contained  in  the  other,  by  Logarithms. 

RULE. 

From  the  Logarithm  of  the  Dividend  subtract 
the  Logarithm  of  the  Divisor,  and  the  remainder 
will  be  the  Logarithm,  whose  corresponding  natu- 
ral number  will  be  the  Quotient  required. 

In  this  operation,  the  Index  of  the  Divisor  must 
be  changed  from  affirmative  to  negative,  or  from 
negative  to  affirmative  ;  and  then  the  difference 
of  the  affirmative  and  negative '-  Indices  must  be 
taken  for  the  index  to  the  Logarithm  of  the  Quo-^ 
lient.  Likewise  when  one  has  been  borrowed  in 
the  left  hand  place  of  the  Decimal  part  of  the  Lo- 
garithm, add  it  to  the  Index  of  the  Divisor,  if  affir- 
mative :    but  subtract  it,  if  negative  ;  and  let  the 
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Index,  thence   arising,  be  changed  and  worked 
M'ith,  as  before. 

Example  1.     Divide  558.9  by  6.48. 
Log.  of  558.9     =2.747334 
Log.  of    6.48     =0.811575 


(Quotient  =  86.25  =1.935759 

Example  2.     Divide  15.31  by  46.75. 
Log.  of  15.31=     1.184975 
Loo'.  of  46.75=      1.669782 


Quotient=.3275=— 1.515193 

Example  3.    Divide  .05951  by  .007693. 
Log.  of  .05951   =—2.774590 
Loo;,  of  .007693=— 3.886096 


Quotient=7.735  =     0.888494 

Example  4.     Divide  .6651  by  22.5. 
Log.  of    .6651=— 1.822887 
Log.  of  22.5     =     1.352183 


Cluotient=.02956=— 2.470704 

PROPORTION, 
Or  the  Rule  of  Three  in  Logarithms. 

RULE. 

Having  stated  the  three  given  terms  accordino 
to  the  rule  in  common  Arithmetic,  write  them  or- 
derly under  one  another,  with  the  signs  of  propor- 
tion; then  add  the  Logarithms  of  the  second  and 
third  terms  together,  and  from  their  sum  Subtract 
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the  Logarithm  of  the  first  term,  and  the  remainder 
will  be  the  Logarithm  of  the  fourth  term^  or  An- 
swer. 

Or, — add  together  the  Arithmetical  Complement 
of  the  Logarithm  of  the  first  term,  and  the  Loga- 
rithms of  the  second  and  third  terms ;  the  sum,  re- 
jecting 10  from  the  index,  will  be  the  Logarithm 
of  the  fourth  term,  or  term  required. 

N.  B.  The  Arithmetical  Complement  of  a  Loga- 
rithm is  what  it  wants  of  10,000000,  or  20,000000, 
and  the  easiest  way  to  find  it  is  to  begin  at  the  left 
hand,  and  subtract  every  figure  from  9,  except  the 
last,  which  should  be  taken  from  10;  but  if  the 
index  exceed  9,  it  must  be  taken  from  19. — It  is 
frequently  used  in  the  rule  of  Proportion  and 
Trigonometrical  calculations,  to  change  Subtrac* 
tions  into  Additions. 

EXAMPLES. 

1st.    If  a  clock  gain   14  seconds  in  5  days  18 
kours,  how  much  will  it  gain  in  17  days  15  hours? 
5.75  days  :  Log.= 0.759668 

17.625  days      :  :  Log.=  1.246129 
14  Seconds  :  Log.=  1.146128 

2.392257 


Answer=42^91         =1.632589 

Or. thus;  5.75  days  :  Arith.Co.  Log.= 9.240332 

17.625*::        Log.=  1.246129 

14  Seconds :        Log.=  1.146128 

Answer=42",  91    =1.632589 
P  ' 
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2d.    Find  a  fourth  proportional  to  9.485,  hQ6$ 
and  347.2. 

98.45     :     Loot.  =  1.993216 


347.2    :  :     Log.  =  2.540580 
L969     :     Log.  =0.294246 

2.834826 


Answer  =6.944  =0.841610 

3d.  What  number  will  have  the  same  proportiojD^ 
to  .8538  as  .3275  has  to  .0131 

.0131      :  Log.  =—2.117271 

.3275  ::     Log.=— 1.515211 
•8538  :     Log.  =—1.931356 

—1.446567 


Answer=21.35=  1.329296 

ired  a  third  proportional  nu 
!21 
9.642      :  Log.  =0.984167 


4th.  Required  a  third  proportional  number  te 
9.642  and  4.821 


4.821   :  :  Log  =0.683137 

4.821      :  Log!  =0.6831 37 

1.366274 


Answer=2.411   =0.382107 

INVOLUTION. 

To  find  any  proposed  power  of  a  given  number  by 
Logarithms. 

Rule.  Multiply  the  Logarithm  of  the  given  num- 
ber by  the  Index  of  the  proposed  power,  and  the 
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J^roduct  will  be  the  Logarithm,  whose   natural 
Humber  is  the  power  required. 

When  a  negative  Index  is  thus  multiplied,  its 
product  is  negative,  but  what  was  carried  from  the 
decimal  part  of  the  Logarithm  must  be  affirmative; 
consequently  the  difference  is  the  index  of  the  pro- 
duct, which  difference  must  be  considered  of  the 
same  kind  with  the  greater,  or  that  which  was  made 
ii\Q  minuend, 

EXAMPLES, 

I.  What  is  the  second  power  of  3.874? 
Leg.  of  3.874=0.588160 
Index  =  2 


Power  required=  1 5.01    =1.1 76320 

2.  Required  the  third  power  of  the  number  2.768. 
Log.  of  2.768=0.442166 
Index  =  3 


Answer=21.21  =1.326498 

'3,  Required  the  second  power  ofthe  number  ,2857 
Log.  of  .2857=— 1.455910 
Index  =  2 


Answer=.08162=— 2.911820 

4.  Required  the  third  power  of  the  number  .7916. 
Log.  of  .7916=— 1.898506 
Index  =  3 


Answer=.496l=— 1.695518 
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EVOLUTION. 

To  extract  any  proposed  Boot  of  a  given  number  by 
Logarithms. 

RULE. 

Find  the  Logarithm  of  the  given  number,  and 
divide  it  by  the  Index  of  the  proposed  root ;  the 
quotient  is  a  Logarithm,  whose  natural  number  is 
the  root  required. 

When  the  index  of  the  Logarithm  to  be  divid- 
ed, is  negative,  and  does  not  exactly  contain  the 
divisor  without  some  remainder,  increase  the  index 
by  such  a  number,  as  Avill  make  it  exactly  divisi- 
ble by  the  index,  carrying  the  units  borrowed  as 
so  many  tens  to  the  left  hand  place  of  the  decimal, 
and  then  divide  as  in  whole  numbers. 

EXAMPLES. 

1.  Required  the  square  root  of  847, 
Index  2)2.927883  =Log.  of  847. 

1.463941  =Quot.=Log.of  29. 103+=  ans. 

2.  Reqi>ired  the  cube  root  of  847. 

Index  3)2.927883  =Log.  of  the  given  number. 

0.975961  =  auot.=  Log.  of  9.462=  ans. 

[nearly, 

3.  Required  the  square  root  of  .093. 
Index  2)— 2.968483=^  Log.  of  .093. 

— 1.484241=auot.=Log.of.304959=ans. 

4.  Required  the  cube  root  of  12345. 
Index  3)4.091491  =  Log.  of  12345. 

L363830=auot,=Log,  of  23.116.=Am 
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SECTION  IV. 
ELEMENTS  OB 

PLANE  GEOMETRY. 


DEFINITIONS. 

See  PLA'tE  I. 

1.  Geometry  is  that  science  wherein  we  consider 
the  properties  of  magnitude. 

2.  A  point  is  that  which  has  no  parts,  being  of 
itself  indivisible  ;  as  ^. 

3.  A  line  has  length  but  no  breadth ;  as  AB.  fi- 
gures 1  and  2. 

4.  The  extremities  of  a  line  are  points,  as  the 
extremities  of  the  line  AB  are  the  points^  and  ^. 
figures  1  and  2. 

5.  A  right  line  is  the  shortest  that  can  be  drawn 
between  any  two  points,  as  the  line  AB.  fig.  1 .  but 
if  it  be  not  the  shortest,  it  is  then  called  a  curve 
line,  as  AB,  fig.  2. 

6.  A  superficies  or  surface  is  considered  only  as 
having  length  and  breadth,  without  thickness,  as 
ABCB,  fig.  3. 

7.  The  extremities  of  a  superficies  are  lines. 

8.  The  inclination  of  two  lines  meeting  one 
another  (provided  they  denot  make  one  continued 
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line)  or  the  opening  between  them,  is  called  am 
angle.  Thus  in  rig.  4.  the  inclination  of  1  he  line  AB 
to  the  line  j6C meeting  each  other  in  ihe  point  By 
or  the  opening  of  the  two  lines  ^A  and  BC\  is 
called  an  angle,  as  ABC. 

Note,  When  an  angle  is  expressed  by  three  let- 
ters, the  middle  one  is  that  at  the  angular 
point. 


9-  When  the  lines  that  form  the  angle  are 
right  ones,  it  is  then  called  a  right-lined  angle,  a* 
ABCy  fig.  4.  If  one  of  them  be  right  and  the 
other  curved^  it  is  called  a  mixed  angle,  as  B,  fig. 
5.  If  both  of  them  be  curved,  it  is  called  a  curved- 
lined  or  spherical  angle,  as  C,  fig.  6. 

10.  If  a  right  line,  CD  (fig.  7.)  fall  upon  ano- 
ther right  line,  AB,  so  as  to  incline  to  neither 
side,  but  make  the  angles  ADC,  CDB  on  each 
side  equal  to  each  other,  then  those  angles  are 
called  right  angles,  and  the  line  CD  a  perpen- 
dicular. 

"11.  An  obtuse  angle  is  that  which  is  wider  o? 
gi'eater  than  a  right  one,  as  the  angle  ADE,  fig. 
7.  and  an  acute  angle  is  less  than  a  right  one,  as 
EDB.  fig.  7. 

12.  Acute  and  obtuse  angles  in  general  are  call- 
ed oblique  angles. 

13.  If  a  right  line  CB.  {fig,  ^.)  be  fastened  at 
the  end  C,  and  the  other  end  .B,  be  carried  quite 
round,  then  the  space  comprehended  is  called  a 
circle  ;  and  the  curve  line  described  by  the  point 
B,is  called  the  circumference  or  the  periphery  of 
the  cu'cle ;  the  fixed  point  C,  is  called  its  centre. 
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14.  The  describing  line  CB,  (fig.  8.)  is  called 
tlie  semidiameler  or  radius,  so  is  any  line  from  the 
centre  to  the  circumference  :  whence  all  radii  of 
the  same  or  of  equal  circles  are  equal. 

15.  The  diameter  of  a  circle  is  a  right  line  drawn 
thro'  the  centre,  and  terminating  in  opposite  pohits 
of  the  circumference ;  and  it  divides  the  circle  and 
circumference  into  two  equal  parts,  called  se  iiicir- 
cies;  and  is  double  the  radius,  as  v4^  oiDE.  fig.  8. 

1 6r  The  circumference  of  every  circle  is  sup- 
posed to  be  divided  into  360  equal  parts  called 
degrees,  and  each  degree  into  6G  equal  parts  calJed 
minutes,  and  each  minute  into  60  equal  parts  call- 
ed seconds,  and  these  into  thirds,  fourths,  kc.  these 
pails  being  greater  or  less  as  the  radius  is. 

V 

17.  A  chord  is  aright  line  drawn  from  one  end 
of  an  arc  or  arch  (that  is,  any  part  of  the  circum- 
ference of  a  circle)  to  the  other;  and  is  the  measure 
of  the  arc.  Thus  the  right  line  HG,  is  the  mea* 
«ure  of  the  arc  HBG.  fig.  8. 

18.  The  segment  of  a  circle  is  any  part  there* 
of,  which  is  cut  off  by  a  chord  :  thus  the  space 
which  is  comprehended  between  the  chord  HG 
and  the  arc  HBG,  or  that  which  is  comprehend- 
ed between  the  said  chord  HG  and  the  arc 
HDAEGdLVQ  called  segments.  Whence  it  is  plain, 
fig.  8. 

1 .  That  any  chord  will  divide  the  circle  into  twQ 
segments.  ' 

2.  The  less  the  chord  is^  the  more  unequal  are 
the  gegmentg. 


40  GEOMETRY. 

3.  When  the  chord  is  greatest  it  becomes  a  di- 
ameter, and  then  the  segments  are  equal ;  and  each 
segment  is  a  semicircle. 

19.  A  sector  of  a  circle  is  a  part  thereof  less  than 
a  semicircle,  which  is  contained  between  two  ra- 
dii and  an  arc :  thus  the  space  contained  between 
the  two  radii  CH,  CB,  and  the  arc  HB  is  a  sec- 
tor, fig.  8. 

20.  The  right  sine  of  an  arc,  is  a  perpendicular 
line  let  fall  from  one  end  thereof,  to  a  diameter 
drawn  to  the  other  end :  thus  HL  is  the  right 
sine  of  the  arc  HB, 

The  sines  on  the  same  diameter  increase  till 
they  come  to  the  centre,  and  so  become  the  ra- 
dius ;  hence  it  is  plain  that  the  radius  CD  is  the 
greatest  possible  sine,  and  thence  is  called  the 
whole  sine. 

Since  the  w^hole  sine  CD  (fig.  8.)  must  be  per- 
pendicular to  the  diameter  (by  def.  20.)  therefore 
producing  B C  to  JE,the  two  diameters  AB  erndDE 
cross  one  another  at  right  angles,  and  thus  the 
periphery  is  divided  into  four  equal  parts,  as  BDy 
DA,  AE,  ^nd  EB;  (by  def.  10.)  and  so  BD  be- 
comes a  quadrant  or  the  fourth  part  of  the  peri- 
pliery:  therefore  the  radius  DC  is  always  the 
sine  of  a  quadrant,  or  of  the  fourth  part  of  the 
circle  BD. 

Sines  are  said  to  be  of  as  many  degrees  as  the 
arc  contains  parts  of  360 :  so  the  radius  being 
the  sine  of  a  quadrant  becomes  the  sine  of  90  de- 
grees, or  the  fourth  part  of  the  cuxle,  which  is  360 
degrees. 
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21.  The  versed  sine  of  an  arc  h  that  part  of 
the  diameter  that  lies  between  the  right  sine  and 
the  circumference  :  thus  LB  is  the  versed  sine  of 
thearcfffi.  fig.  8. 

22.  The  tangent  of  an  arc  is  a  right  line  touch- 
ing the  periphery,  being  perpendicular  to  the  end 
of  the  diameter,  and  is  terminated  by  a  line  draAvn 
from  the  centre  through  the  other  end :  thus  BKis 
the  tangent  of  the  arc  HB.  fig.  8. 

23.  And  the  line  which  terminates  the  tan- 
gent, that  is,  CKy  is  called  the  secant  of  the  arc 
i^^.  fig.8. 

24.  What  an  arc  wants  of  a  quadrant  is  called 
the  complement  thereof :  Thus  DH  is  the  com- 
plement of  the  arc  HB,  fig.  8. 

25.  And  what  an  arc  wants  of  a  semicircle  is 
called  the  'supplement  thereof :  thus  AH  is  the 
supplement  of  the  are  HB,  fig.  8. 

26.  The  sine,  tangent,  or  secant  of  the  com- 
plement of  any  arc,  is  called  the  co-sine,  co-tan- 
gent, or  co-secant  of  the  arc  itself:  thus  FHis  the 
sine,  DI  the  tangent,  and  CI  the  secant  of  the 
arc  DH:  or  they  are  the  co-sine,  co-tangent,  or 
co-secant  of  the  arc  HB,  fig.  8. 

27.  The  sine  of  the  supplement  of  an  arc,  is 
the  same  with  the  sine  of  the  arc  itself;  for  draw- 
ing them  according  to  def.  20,  there  results  the 
self-same  fine ;  thus  HL  is  the  sine  of  the  arc 
HB,  or  of  its  supplement  AJDH  fig.  8, 

28.  The  measure  of  a  right-lined  angle,  is  the 
arc  of  a  circle  sweot  from  the  an orular  point,  and 
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contained  between  the  two  lines  that  form  the 
angle :  thus  the  angle  HCB  (fig.  8.)  is  measur- 
ed by  the  arc  //B,  and  is  said  to  contain  so  many 
degrees  as  the  arc  HB  does  ;  so  if  the  arc  HB 
is  60  degrees,  the  angle  HCB  is  an  angle  of  60 
degrees. 

Hence  angles  are  greater  orless  according  as  the 
arc  described  about  the  angular  point,  and  termi- 
nated by  the  two  sides,  contains  a  greater  or  less 
number  of  degrees  of  the  whole  circle. 

29.  The  sine,  tangent,  and  secant  of  an  arc, 
is  also  the  sine,  tangent,  and  secant  of  an  angle 
whose  measure  the  arc  is :  thus  because  the  arc 
HB  is  the  measure  of  the  angle  HCB,  and  since 
UL  is  the  sine,  BK  the  tangent,  and  CK  the 
secant,  BL  the  versed  sine,  BF  the  co-sine,  DI 
the  co-tangent,  and  CI  the  co-secant.  Sic.  of  the 
arc  BHj  then  HL  is  called  the  sine,  BK  the 
tangent,  CK  the  secant,  &:c.  of  the  angle  HCBy 
whose  measure  is  the  arc  HB,  fig.  8. 

30.  Parallel  lines  are  such  as  are  equi-distant 
from  each  other,  as  AB,  CD,  fig.  9. 

31.  A  figure  if  a  space  bounded  by  a  line  or 
lines.  If  the  lines  be  right  it  is  called  a  recti- 
lineal figure,  if  curved  it  is  called  a  curvilineal 
figure  ;  but  if  they  be  partly  right  and  partly  cur- 
ved lines,  it  is  called  a  mixed  figure. 

32.  The  most  simple  rectilineal  figure  is  a  trian- 
gle, being  composed  of  three  right  lines,  and  is 
considered  in  a  double  capacity ;  1st,  wi#i  respect 

to  its  sides  ;  and  2d,  to  its  angles. 

33.  In  respect  to  its  sides  it  is  either  equilateral, 
having  the  three  sides  equal,  as  A,  fig.  10. 
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34.  Or  isosceles,  having  two  equal  sides,  as  JB, 
fig.  11. 

35.  Or  scalene,  having  the  three  sides  unequal, 
as  C.  fig.  12. 

36.  In  respect  to  its  angles,  it  is  either  right- 
angled,  having  one  right  angle,  as  D.  fig.  13. 

37.  Or  obtuse  angled,  having  one  obtuse  angle, 
as  E.  fig.  14. 

38.  Or  acute  angled,  having  all  the  angles  acute, 
as  F.  fig.  15. 

39.  Acute  and  obtuse  angled  triangles  are  in 
general  called  oblique  angled  triangles, in  all  which 
any  side  may  be  called  the  base,  and  the  othertwo 
the  sides. 

40.  The  perpendicular  height  of  a  triangle  is 
a  line  drawn  from  the  vertex  to  the  base  perpen- 
dicularly :  thus  if  the  triangle  ABC,  be  propos- 
ed, and  BC  he  made  its  base,  then  if  from  the 
vertex  A  the  perpendicular  AD  be  drawn  to  BCy 
the  line  AD  will  be  the  height  of  the  triangle 
ABCy  standing  on  BCas  its  base.     Fig.  16. 

Hence  all  triangles  between  the  same  parallels 
have  the  same  height,  since  all  the  perpendiculars 
are  equal  from  the  nature  of  parallels. 

41.  Axv^  figure  of  four  sides  is  called  a  quadri- 
lateral figure. 

42.  Quadrilateral  figures,  whose  opposite  sides 
are   parallel,  are  called  parallelograms  :    thus 
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ABCD  is  a  parallelogram.     Fig.  3.  1^,  and  AB- 
fig.  18  and  19. 

43.  A  parallelogram  whose  sides  are  all  equal 
and  angles  right,  is  called  a  square,  as  ABCD, 
fig.  17. 

44.  A  parallelogram  whose  opposite  sides  are 
equal  and  angles  right,  is  called  a  rectangle,  or  an 
oblong,  as  ABCD.  fig.  3. 

45.  A  rhombus  is  a  parallelogram  of  equal  sides, 
and  has  its  angles  oblique,  as  A'  fig.  18.  and  is 
an  inclined  square. 

46.  A  rhomboides  is  a  parallelogram  whose  op- 
posite sides  are  equal  and  angles  oblique ;  as  jB. 
fig.  19.  and  may  be  conceived  as  an  inclined  rect- 
angle. 

47.  Any  quadrilateral  figure  that  is  not  a  paral- 
lelogram, is  called  a  trapezium.   Plate  7.  fig.  3. 

48.  Figures  which  consist  of  more  than  four 
sides  are  called  polygons ;  if  the  sides  are  all  equal 
to  each  other,  they  are  called  regular  polygons. 
They  sometimes  are  named  from  the  number  of 
their  sides,  as  a  five-sided  figure  is  called  a  penta- 
gon, one  of  gix  sides  a  hexagon,  Si^c,  but  if  their 
sides  are  not  equal  to  each  other,  then  they  are 
called  irregular  polygons,  as  an  irregular  penta- 
gon, hexagon,  SCc, 

49.  Four  quantities  are  said  to  be  in  proportion 
when  the  product  of  the  extremes  is  equal  to  that 
of  the  means :  thus  if  A  multiplied  by  D,  be 
equal  to  B  multiplied  by  C,  then  A  is  said  to  be  to 
B  as  C  is  to  D, 
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POSTULATES  OR  PETITIONS. 

1.  That  a  right  line  may  be  drawn  from  any  one 
given  point  to  another. 

2.  That  a  right  line  may  be  produced  or  con- 
tinued at  pleasure. 

3.  That  from  any  centre  and  with  any  radius, 
the  circumference  of  a  circle  may  be  described. 

4.  It  is  also  required  that  the  equality  of  lines 
and  angles  to  others  given,  be  granted  as  possible  : 
that  it  is  possible  for  one  right  line  to  be  per- 
pendicular to  another,  at  a  given  point  or  distance; 
and  that  every  magnitude  has  its  half,  thii'd,  fourth, 
&;c.  pait. 

Note,  Though  these  postulates  are  not  always 
quoted,  the  reader  will  easily  perceive  where,  and 
in  what  sense  they  are  to  be  understood. 

AXIOMS  or  self-evident  TRUTHS. 

1.  Things  that  are  equal  to  one  and  the  same 
thing,  are  equal  to  each  other. 

2.  Every  whole  is  greater  than  its  part. 

3.  Every  whole  is  equal  to  all  its  parts  taken 
together. 

4.  If  to  equal  things,  equal  things  be  added,  the 
whole  will  be  equal. 

5.  If  from  equal  things,  equal  things  be  deduct- 
ed, the  remainders  will  be  equal. 
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6.  If  to  or  from  unequal  things,  equal  things  be 
added  or  taken,  the  sums  or  remainders  will  be 
unequal. 

7.  All  right  angles  are  equal  to  one  another. 

8.  If  two  right  lines  not  parallel,  be  produced 
towards  their  nearest  distance,  they  will  intersect 
each  other. 

9.  Things  which  mutually  agree  with  each  other, 
are  equal. 

NOTES. 

A  theorem  is  a  proposition,  wherein  something 
•is  proposed  to  be  demonstrated. 

A  problem  is  a  proposition,  wherein  something 
is  to  be  done  or  effected. 

A  lemma  is  some  demonstration,  previous  and 
^necessary,  to  render  w^hat  follows  the  more  easy. 

A  corollary  is  a  consequent  truth,  deduced 
from  a  foregoing  demonstration. 

A  scholium,  is  a  remark  or  observation  made 
upon  something  going  before. 
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GEOMETRICAL  THEOREMS. 

THEORHML 

Fl.  h Jig.  20. 

IF  a  right  line  falls  on  another,  as  ^B,  or  £B,  docs  §n 
CD,  it  either  makes  with  it  tivo  right  angles,  or  two  angles 
equal  to  two  right  angles. 

1.  KAB  be  perpendicular  to  CD,  then  (by  def. 
10.)  the  angles  CBA,  and  ABD,  will  be  each  ^ 
right  angle. 

2.  But  if  EB  fall  slantwise  on  CD,  then  are  the 
^ng\e^DBE+EBC=DBE+EBA  (=DBA)+ 
ABC,  or  two  right  angles.  Q.  E.  D. 

Corollary  1.  AVhence  if  any  numbers  of  right 
lines  were  drawn  from  one  point,  on  the  same 
side  of  a  right  line  ;  all  the  angles  made  by  these 
lines  will  be  equal  to  two  right  lines. 

2.  And  all  the  angles  which  can  be  made  about 
a  point,  will  be  equal  to  four  right  angle?. 

THEO.II. 

Pl.  \.fg.2\. 

If  one  right  line  cross  another,  (an  AC  does  BD)  the  ofifif* 
site  angles  made  by  those  lines,  ivill  be  equal  to  each  other  : 
that  is,  AEB  to  CED,  a?id  EEC  to  AED. 

By  theorem  1.  BEC  +  CED  =  2  right  angles, 
and  CED  +  DEA^  2  right  angles. 

Therefore  (by  axiom  \.)BEC+CED^CED^ 
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VEA :  take  CED  from  both,  and  there  remains 
BEC=DEA.  (by  axiom  5)  Q.  E.  D. 

After  the  same  manner  CED  +AED=2  right 
angles ;  and  AED  +  AEB  =  two  right  angles  ; 
wherefore  taking  AED  from  both,  there  remains 
CED  =  AEB.  Q.E,D. 

THEO.  III. 

PL.  X.Jis.  22. 

Jf  aright  line  cross  ttoo p.arallehy  as  GHdoes  AB  and  QDy 
theriy 

1 .  Their  external  angles  are  equal  to  each  other ^  that  isy 
GEB  =  CFH, 

2.  The  alternate  angles  ivill  be  equal,  that  is,  AEF  «=  EFD 
a7id  BEF  =  CFE. 

3.  The  external  angle  will  be  equal  to  the  internal 
and  ofi/ioaite  one  on  the  same  side,  that  is,  GEB  =  EFD 
and  AEG  =  CFE. 

4.  And  the  sum  of  the  internal  angles  o?i  the  same 
side,  are  equal  to  tnvo  right  aiigles  ;  that  is^  BEF  -j-  DFE  arc 
equal  to  two  right  angles,  and  AEF  -f-  CFE  are  equal  to  tiv^ 
right  angles. 

1.  Since  AB  is  parallel  to  CD,  they  may  be 
considered  as  one  broad  line,  crossed  by  another 
line,  as  GHj  (then  by  the  last  theo.)  GEB=CFH, 
and  AEG^HFD. 

2.  Also  GEB=  AEF,  and  CFH=.  EFD;  but 
GEB=  CFBQjYv^Yi  1.  of  this  Iheo.)  therefore 
AEF = EFD.  The  same  way  we  prove  FEB = 
EEC. 

3.  AEF=EFDj  (by  the  last  part  of  this  theo.)  . 
but  AEF=  GEB  (by  theo.  2.)  Therefore  GEB 
r^EFD.    The  same  way  we  prove  AEG=  CFE 
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4.  For  since  GEB  =  EFD,  to  both  add  FEB, 
then  (by  axiom  4..)GEB  +FEB=EFD  +FEB, 

but  GEB  +  FEB,  are  equal  to  two  right  angles 
(by  theo.  1.)  Therefore  EFD  +  FEB  are  equal 
to  two  right  angles :  after  the  same  manner  we 
prove  that  AEF  +  CFE  are  equal  to  two  right 
angles.     Q.  E.  D. 

THEO,  IV. 

Pl.  \,Jig.  23. 

In  any  triangle  jiBC,  one  of  its  legs,  as  J5C,  being  fir oduced 
towards  Z),  it  will  make  the  external  angle  ACD  equal  to  the 
two  internal  ofifiosite  angles  taken  together.  Viz.  to  B  and  A, 

Through  C,  let  CE  be  drawn  parallel  to  AB  ; 
then  since  BD  cuts  the  two  parallel  lines  BA^ 
CE;  the  angle  ECB  =  B,  (by  part  3.  of  the  last 
theo.)  and  again,  since  ^Ccuts  the  same  parallels, 
the  angle  ACE  =  A  (by  part.  2.  of  the  last.) 
Therefore  ECD  +  ACE  =  ACD  ==  B  -h  A. 
Q.  E.  D, 

THEO.  V. 

PL.\.Jlg.2Z. 

In  any  triangle  ABC,  all  the  three  angles,  taken  together , 
are  equal  to  two  right  angles,  viz.  .^  -f-  -B  -f-  ACB  =  2  righc 
angles. 

Produce  CB  to  any  distance,  as  D,  then  (by  the 
last)  ACD=B+A;  to  both  add^CjB;  then^CI> 
+  ACB=  A  +  B  +  ACB;  hwiACD  +  ACB  =2 
right  angles  (by  theo.  1.)  ;  therefore  the  three  an- 
gles^ +  B+  ACB  =  2  right  angles.    Q.  E,  D. 

Cor.  1.  Hence  if  one  angle  of  a  triangle  be 
known,  the  sum  of  the  other  two  is  also  known  : 
for  since  the  three  angles  of  every  triangle  con- 
tain two  right  ones,  or  180  degrees,  therefore  180 
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—the  given  angle  will  be  equal  to  the  sum  of  the 
other  two  ;  or  i80  — the  sum  of  two  given  angles, 
gives  the  other  one. 

Cor.  2.  In  every  right-angled  triangle,  the  twd 
acute  angles  are  =  90  degrees,  or  to  one  right  an- 
gle :  therefore  90  —  one  acute  angle,  gives  the 
other. 

THEO.  VI. 

If  in  any  two  triangles,,  ABC^  DEF^  there  he  two  sidegg 
AB,  AC  in  the  one.,  severally  c*qual  to  DE^  DP  in  the  other ^ 
and  the  angle  A  contained  between  the  two  sides  in  the  one^ 
equal  to  D  in  he  other  ;  then  the  remaining  angles  of  the  >me, 
wilt  be  severally  equal  to  those  of  the  other ^  viz.  B  ^=l  E  and 
C  =  F :  and  the  base  of  the  9ne  BCf  will  be  equal  to  EFy  that 
of  the  other. 

If  the  triangle  ABC  be  supposed  to  be  laid  on 
the  triangle  DEF,  so  as  to  make  the  points  A 
and  B  coincide  with  D  and  E,  which  they  will  do, 
because  AB  =  DE  (by  the  hypothesis) ;  and  since 
the  angle  A=D,  the  line  ^Cwill  fall  along  i>i^, 
and  inasmuch  as  they  are  supposed  equal,  C  will 
fall  in  F;  seeing  therefore  the  three  point<s  of  one 
coincide  with  those  of  the  other  triangle,  they  are 
manifestly  equal  to  each  other ;  therefore  the  an- 
gle £1=  £  and  C  =  F,  and  BC  =  EF  Q.  E.  D. 


LEMMA. 

PL.l.fg.lL 

Xftwo  sides  of  a  triangle  a  b  c  be  equal  to  each  other y  that  is, 
ac  =•  cb^  the  angles  which  are  ojifiosite  to  those  equal  sides^  will 
also  be  equal  to  each  other  ;  viz.  a  =  b. 

For  let  the  triangle  a  i  c  be  divided  into  two 
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triangles  acd,  dc  b,hj  making  the  angle  a  c  d  =^ 
deb  (by  postulate  4.)  then  because  a  c=^b  c,  and 
€d  common,  (by  the  last)  the  triangle  a  d  c=dc  b; 
and  therefore  the  angle  a=  b.     Q.  E.  D, 

Cor.  Hence  if  from  any  point  in  a  perpendicular 
which  bisects  a  given  line,  there  be  drawn  right 
lines  to  the  extremeties  of  the  given  one,  they 
with  it  will  form  an  isosceles  triangle, 

THEO.  VIL 

Pl.  \,Jig.  25. 

^  The  angle  BCD  at  the  centre  of  a  circle  ABED^  is  double 
the  angle  BAD  at  the  circumferencey  standing  ufion  the  same 
mrc  BED. 

Through  the  point  A,  and  the  centre  C,  draw 
the  line  ACE :  then  the  angle  ECD  =  CAB,  + 
CD  A  ;  (by  theo.  4.)  but  since  AC=  CD  being  radii 
©f  the  same  circle,  it  is  plain  (by  the  preceding- 
lemma)  that  the  angles  subtended  by  them  will  be 
also  equal,  and  that  their  sum  is  double  to  either 
of  them,  that  is,  DAC  +  ADC  is  double  to  CAD, 
and  therefore  ECD  is  double  to  CAD;  after  the 
same  manner  BCE  is  double  to  CAB,  wherefore, 
BCE  +  ECD,  or  BCD  is  double  to  BAC^  CAD 
or  to  BAD.     Q,E.D. 

Cor.  1.  Hence  an  angle  at  the  circumference  is 
measured  by  half  the  arc  it  subtends  or  stands  on. 

Fig.  26. 

Cor.  2.  Hence  all  angles  at  the  circumference  of 
a  circle  which  stands  on  the  same  chord  as  AB,  are 
equal  to  each  other,  for  they  are  all  measured  by 
half  the  arc  they  stand  on,  vis.  by  half  the  arc  AB^ 
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Cor.  3.  Hence  an  angle  in  a  segment  greater 
than  a  semicircle  is  less  than  a  right  angle ;  thus 
ADB  is  measured  by  half  the  arc  AB,  but  as  the 
arc-4jB  is  less  than  a  semicircle,  therefore  half  the 
arc  AB,  or  the  angle  ADB  is  less  than  half  a  semi- 
circle, and  consequently  less  than  a  right  angle. 

Fig.  27. 

Cor.  4.  An  angle  in  a  segment  less  than  a  semi- 
circle, is  greater  than  a  right  angle,  for  since  the 
arc  AEC  is  greater  than  a  semicircle,  its  half, 
which  is  the  measure  of  the  angle  ABC,  must  be 
greater  than  half  a  semicircle,  that  is,  greater  than 
a  right  angle. 

Fig.  28. 

Cor.  5.  An  angle  in  a  semicircle  is  a  right  angle, 
for  the  measure  of  the  angle  ABD,  is  half  of  a 
semicircle  AED,  and  therefore  a  right  angle, 

THEO.  VIII. 

PL.  ].Jig.29. 

If  from  the  centre  C  of  a  circle  ABE^  there  be  let  fall  the 
jicrfiendicular  CD  on  the  chord  ABy  it  will  bisect  it  in  the 
point  D, 

Let  the  lines  AC  and  CB  be  drawn  from  the 
centre  to  the  extremities  of  the  chord,  then  since 
CA=  CB,  the  angles  CAB=  CBA  (by  the  lemma.) 
But  the  triangles  ADC,  BDO  are  right "  angled 
ones,  since  the  line  CD  is  a  perpendicular;  and  so 
the  angle  ACD=DCB;  (by  cor.  2.  theo.  5.)  then 
have  we  AC,  CD,  and  the  angle  ACD  in  one  tri- 
angle ;  severally  equal  to  CB,  CD,  and  the  ansrle 
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BCD  in  the  other :  therefore  (by  theo.  6.)  ^= 
BB.    Q.  E.  D. 

Cor.  Hence  it  follows,  that  any  line  bisecting 
a  chord  at  right  angles,  is  a  diameter ;  for  a 
line  drawn  from  the  centre  perpendicular  to  a 
chord,  bisects  that  chord  at  right  angles ;  there- 
fore, conversely,  a  line  bisecting  a  chord  at  right 
angles  must  pass  through  the  centre,  and  conse- 
quently be  a  diameter. 

THEO.  IX. 

Pl.  l.Jig,  29, 

If  from  the  centre  of  a  circle  ABE  there  be  draivn  afierfien- 
dicular  CD  on  the  chord  AB^  and  produced  tillit  nieets  the  cir^ 
cle  in  F,  that  line  CF,  will  bisect  the  arc  AB  in  the  jioint  F. 

Let  the  lines  AF^xA  BFhe  drawn,  then  in  the 
triangles  ADF,  BDF;  AD::=BD  (by  the  last ;) 
DFk  common,  and  the  angle  ADF=BDFhemg 
both  right,  for  CD  or  DF  is  a  perpendicular. 
Therefore  (by  theo.  6.)  AF=  FB  ;  but  in  the 
same  circle,  equal  lines  are  chords  of  equal  arcs, 
since  they  measure  them  (by  def.  19.)  :  whence 
the  arc  AF=FB,  and  so  AFB  is  bisected  in  jP, 
by  the  line  CF. 

Cor.  Hence  the  sine  of  an  arc  is  half  the 
chord  of  twice  that  arc.  For  AD  is  the  sine  of 
the  arc  AF,  (by  def.  22.)  AF  is  half  the  arc,  and 
AD  half  the  chord  AB  (by  theo.  8.)  therefore  the 
corollary  is  plain. 

TBEO.X. 

PL.  i.fg.  m. 

In  any  triangle  ABD,  the  half  of  each  side  is  the  svie  cf  tht 
opposite  angle. 
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Let  the  circle  ADB  be  drawn  through  the 
points  A,  B.  D;  then  the  angle  DAB  is  measured 
by  half  the  arc  BKD,  (by  cor  1  theo.  7.)  viz.  the 
chord  of  BK  is  the  measure  of  the  angle  BAD  ; 
therefore  (by  cor.  to  the  last)  BE  the  half  of  ^D 
is  the  sine  of  BA  D :  the  same  way  may  be  proved 
that  half  of  AD  is  the  sine  of  ABD,  and  the  half 
of  ^^  the  sine  of  ADB.    Q.  E.  D. 

THEO.  XL 

Fl,  1.  Jig.  22, 

Jfa  right  line  GHcut  two  o-her  right  lines  AB^  CD^so  a6 
to  make  the  alternate  angles  AEF^  EFD  equal  to  each  at  her  ^ 
then  the  lines  AB  and  CD  will  be  parallel. 

If  it  be  denied  that  AB  is  parallel  to  CD,  let 
IKhG  parallel  to  it ;  then  IEF={EFD)=AEF 
(by  part  2.  theo.  3.)  a  greater  to  a  less,  which  is 
absurd,  whence  IK  is/  not  parallel ;  and  the  like 
we  can  prove  of  all  other  lines  but  AB  ;  there^ 
fore  AB  is  parallel  to  CD.     Q.  £.  D. 

THEO,  XII. 
FL.l.Jig.3, 

If  two  equal  and  parallel  lines  AB,  CD^  be  joined  by  tiuo 
other  lines  AD,  BC,  those  shall  be  also  equal  a7id parallel. 

Let  the  diameter  or  diagonal  jBZ)  be  drawn,  and 
Ave  will  have  the  triangles  ABD,  CBD :  whereof 
AB  in  one  is=to  CD  in  the  other,  JBZ)  common  to 
both,  and  the  angle  ABD= CDB  (by  part  2.  theo. 
3. ;)  therefore  (by  theo.  6.)  AD=  CB,  and  the  an- 
gle CBD  =ADBy  and  thence  the  lines  AD  and 
J3C  are  parallel,  by  the  preceding  theorem. 

Cor.  1.  Hence  the  quadrilateral  figure  ^jBCZ?  is 
a  parallelogram,  and  the  diagonal  BD  bisects  the 
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same,  inasmuch  as  the  triangle  ABD=BCI),  as 
now  proved. 

Cor,  2.  Hence  also  the  triangle  ABD  on  the 
jjame  base  AB^  and  between  the  same  parallels 
with  the  parallelogram  ABCDy  is  half  the  paral- 
lelogram* 

Cor.  3.  It  is  hence  also  plain,  that  the  opposite 
sides  of  a  parallelogram  are  equal ;  for  it  has  been 
proved  that  ABCD  being  a  parallelogram,  AB 
will  be  =  CD  and  AD  =  BC. 


THMO.Xm, 


Pl.  l.Jig.  31. 

Ml  parallelograms  on  the  same  or  equal  bases  and  between 
the  same  parallels,  are  equal  to  one  another,  that  is,  if  BD  ■= 
CH,  and  the  lines  BH  and  AF parallel^  then  the  parallelogram. 
ABDC  =  BDFE  =  EFHG, 

For  AC=BD =EF  (by  cor.  the  last ;)  to  both 
add  CE  then  AE  =  CF,  In  the  triangles  ABE, 
CDF;  AB  =  CD  and  AE  =  CF  and  the  angle 
BAE=DCF(hj  part  3.  theo.  3.  ;)  therefore  the 
triangle  ABE=CDF,  (by  theo.  6.)  let  the  trian- 
gle CKE  be  taken  from  both,  and  we  will  have 
the  trapezium  ABKC=KDFE  ;  to  each  of  these 
add  the  triangle  BKD,  then  the  parallelogram 
ABCD=BDEF;  in  like  manner  we  may  prove 
the  parallelogram  EFGH=BDEF.  Wherefore 
ABDC=BDEF=EFHG.    Q.  E,  D. 

Cor,  Hence  it  is  plain  that  triangles  on  the 
same  or  equal  bases,  and  between  the  same  paral- 
lels, are  equal,  seeing  (by  cor.  2.  theo.  12.)  they 
are  the  halves  of  thek  respective  parallelogram. 
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THEO,  XIV. 

PL,  l.Jig.  33. 

In  every  right-aJiglcd  triangle,  ABC,  the  square  of  the 
hyfiothenuse  or  longest  side,  BC,  or  BCMH,  is  equal  to  the 
sum  of  the  squares  made  on  the  other  two  sides  AB  and  AC, 
that  is,  ABDE  and  ACGF. 

Through  A  draw  AKL  perpendicular  to  the 
hypothenuse  BC,  join  AHy  AM,  DC  and  BG  ;  in 
the  triangles,  BDC,  ABH,  BD  =  BA,  being 
sides  of  the  same  square,  and  also  BC=BH,  and 
the  included  angles  DBC=ABH,  (for  DBA=^ 
CBH  being  both  right,  to  both  add  ABC,  then 
BBC  ==  ABH)  therefore  the  triangle  DBC  = 
ABH(hy  theo.  6.)  but  the  triangle  DBCh  half 
of  the  square  ABBE  (by  cor.  2  theo.  12.)  and  the 
triangle  ABH  is  half  the  parallelogram  BKLH. 
The  same  way  it  may  be  proved,  that  the  square 
ACGF,  is  equal  to  the  parallelogram  KCLM.  So 
ABDE+ACGFihe  sum  of  the  squares=  BKLH 
+  KCML,  the  sum  of  the  two  parallelograms  or 
square  BCMH  ;  therefore  the  sum  of  the  squares 
on  AB  and  AC  is  equal  to  the  square  on  BC. 
Q.  E,  D. 

Cor.  1 .  Hence  the  bypothenuse  of  a  right-an- 
gled triangle  may  be  found  by  having  the  sides  ; 
thus,  the  square  root  of  the  sum  of  the  squares  of 
the  base  and  perpendicular,willbe  the  hypothenuse. 

Cor.  2.  Having  the  hypothenuse  and  one  side 
given  to  find  the  other;  the  square  root  of  the  dif- 
ference of  the  squares  of  the  hypothenuse  and  giv- 
en side,  will  be  the  required  side. 

THEO.  XV. 
FL.%.fig,32. 

In  all  circles  the  chord  of  60  degrees  is  ahvays  equal  in  length 
to  the  radius. 
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Thus  in  the  circle  AEBD^  if  the  arc  AEB  be  an  xirc  of  60 
degreesy  and  the  chord  AB  be  drawn :  then  AB  =  CB  =  AC, 

In  the  triangle  ABC,  the  angle  ACB  is  60  de- 
grees, being  measured  by  ih^inYcAEB;  therefore 
the  sum  of  the  other  two  angles  is  120  degrees 
(by  Cor.  l.theo.  5.)  but  since  ^C=CjB,  the  angle 
€AB=  CBA  (by  lemma  preceding  theo.  7.)  con- 
sequently each  of  them  will  be  60,  the  half  of  120 
degrees,  and  the  three  angles  will  be  equal  to  one 
another,  as  well  as  the  three  sides  :  wherefore  AB 
=BC=:^Aa  Q.  E.  D. 

Cor.  Hence  the  radius,  from  whence  the  lines 
©n  any  scale  are  formed,  is  the  chord  of  60  degrees 
on  the  line  af  chords. 

THEO.XVL 

PL.  I. Jig.  S4,. 

If  in  tivo  triangles  ABC,  abc,  all  the  angles  of  one  be  each 
resfiectively  equal  to  all  the  angles  of  the  other,  that  is,  A  =  a, 
B  =  b,  C  =  c  :  then  the  sides  opposite  to  the  equal  angles  ntttU 
be  firofiortional,  viz. 

AB  :  ab  :  :  AC  :  ac 

AB  :  ab  :  :  BC  :  be 

and  AC  :  ac  :  :  BC  :  be 

For  the  triapgles  being  inscribed  in  two  circles, 
it  is  plain  since  the  angle  A=a,  the  arc  BDC= 
hd  c,  and  consequently  the  chord  BC  is  to  b  c,  as 
the  radius  of  the  circle  ABC  is  to  the  radius  of 
the  circle  ah  c;  (for  the  greater  the  radius  is,  the 
greater  is  the  circle  described  by  that  radius  ;  and 
consequently  the  greater  any  particular  arc  of  that 
circle  is,  so  the  chord,  sine,  tangent,  Sfc.  of  that 
arc  will  be  also  greater.  Therefore,  in  general,  the 
chord,  sine,  tangent,  SCc.  of  any  arc  is  proportional 
to  the  radius  of  the  circle ;)  the  same  way  t^e  chord 
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AB  is  to  the  chord  ab,  in  the  same  proportion. 
80  AB  :  ab  : :  BC :  be  ;  the  same  way  the  rest  may 
be  proved  to  be  proportional. 

THEO.  XVII. 

FL.i.jig.35. 

If  from  a  fioint  A  ivitbout  a  circle  DBCE  there  be  draivn  tw 
lines  ADE^  ABC,  each  of  them  cutting'  the  circle  in  tioo  points  ; 
the  product  of  one  whole  line  into  its  external  part,  viz.  AC 
into  AB,  ivillbe  equal  to  that  of  the  other  line  into  its  external 
part^  -viz.  AE  into  AD. 

Let  the  lines  DC,  BE,  be  drawn  in  the  two  tri- 
angles ABE,  ADC;  the  angle  AEB=ACD  (by 
cor.  2.  theo^  7.)  the  angled  is  common,and  (by  cor. 
I.theo.  5.)  the  angle  ADC=ABEj  therefore  the 
triangles  ABE,  ADC,  are  mutually  equiangular, 
and  consequently  (by  the  last)  AC  :  AE  :  :  ADi 
ABj  wherefore  AC  multiplied  by  AB,  will  be 
equal  to  AE  multiplied  by  AD.  Q.  E.  D, 

TH^O.XVllh 

Pt.  2.  fig.  1. 

Triangles  ABC,  BCD,  and  parallelograms  ABCF  anA 
B DEC,  having  the  same  altitude,  have  the  same  proportion  be* 
tiveen  themselves  as  their  bases  BA  and  BD. 

Let  any  aliquot  part  of  AB  be  taken,  which 
will  also  measure  BD :  suppose  that  to  be  Ag, 
which  will  be  contained  twice  in  AB,  and  three 
times  in  BD,  the  parts  Ag,  gB,  Bh,  hi,  and  i  D 
being  all  equal,  and  let  the  lines  gC,  hC,  and  i  C, 
be  drawn  :  then  (by  cor.  to  theo.  13.)  all  the  small 
triangles  AgC,  gCB,  BCh,  Sfc,  will  be  equal  to 
each  other;  and  will  be  as  many  as  the  pails  into 
which  their  bases  were  divided ;  therefore  it  will 
be  as  the  sum  of  the  parts  in  one  base,  is  to  the 
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Bum  of  those  in  the  other,  so  will  be  the  sum  of  the 
small  triangles  in  the  first,  to  the  sum  of  the  smalj 
triangles  in  the  second  triangle ;  that  is,  AB  : 
BD::  ABC:  BBC. 

Whence  also  the  parallelograms  ABCF  and 
BDEC,  being  (by  cor.  2.  theo.  12.)  the  doubles  of 
the  triangles,  are  likewise  as  their  bases.  Q.  E.  D. 

Note.  Wherever  there  are  several  quantities 
connected  with  the  sign  (:  :)  the  conclusion  is  al- 
ways drawn  from  the  first  two  and  last  tw  o  propor- 
tionals. 

THEO.  XIX. 

Triangles  ABC^  Dj^Fy  standing"  ufion  equal  bases  AB  and 
BEy  are  to  each  other  as  their  altitudes  CG  and  FH. 

Let  BIhe  perpendicular  to  AB  and  equal  to 
CG,  in  which  let  KB  =  FH,  and  let  AI  and  AK 

be  drawn. 

The  triangle  AIB=ACB  (by  cor.  to  theo.  1 3.) 
and  AKB=DEF;  but  (by  theo.  18.)  BI :  BK: : 
ABI:  ABK  That  is,  CG :  FH: :  ABC  DEF 
Q.E.D. 

THEO,  XX. 

PL.2.Jig.3, 

If  a  right  line  BE  be  drawn  parallel  to  one  side  of  a  triangle 
ACD,  it  will  cut  the  two  other  sides  /irojiortionally,  viz.  AB  : 
BC  :  :  AE  :  ED, 

Draw  CE2indBD;  iheiihngle^  B  EC 'dudEBD 
being  on  the  same  base  BE  and  under  the  same 
parallel  CI>,  will  be  equal  (by  cor.  to  theo.  13.) 
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therefore  (by  theo.  18)  AB :  BC : :  (BE A  :  BEC 
or  BE  A  :  BED)  : :  AE :  ED.     0.  E.  D. 

Cor.  L  Hence  also  AC:  AB  : :  AD  :  AE : 
For  AC :  AB  : :  (AEC :  AEB : :  ABD  AEB) 
: :  AD  :  AE. 

Cor.  2.  It  also  appears  that  a  right  line,  which 
divides  two  sides  of  a  triangle  proportionally,  must 
be  parallel  to  the  remaining  side. 

Cor.  3.  Hence  also,  theo.  16.  is  manifest ;  since 
the  sides  of  the  triangles  ABE,ACD,  being  equi- 
angular, are  proportional. 

THEO.  JCXI. 

Jftnvo  triangles  ABC^  ADE^  have  an  angle  BAC,  in  the  one^ 
equal  to  an  angle  DAEy  in  the  other^  and  the  sides  about  the 
equal  anglesy  firofiortional ;  that  is,  AB  :  AD  :  :  AC  :  AE  ; 
then  the  triangles,-  will  be  mutually  equiangular. 

In  AB  take  Ad  =  AD,  and  let  dehe  parallel 
to  BCy  meeting  AC  in  e. 

Because  (by  the  first  cor.  to  the  foregoing  theo.) 
AB  :  Ad  (or  AD)  : :  AC:  Ae,  and  (by  the  hypo- 
thesis, or  what  is  given  in  the  theorem)  AB :  AD : 
AC  :  AE  J  therefore  Ae  =  AE  seeing  AC  bears 
the  same  proportion  to  each ;  and  (by  theo.  6.) 
the  triangle  Adc  =  ADE,  therefore  the  angle 
Ade=  D  and  Aed  =  E,  but  since  ed  and  BC  are 
parallel  (by  part  3.  theo.  3)  Ade=  B,  and  Aed= 
C,  therefore  B=D  and  C=E.    Q.  E,  D. 

THEO.  XXII. 
Pl.  2.Jig.  5. 
Equiangular  triangles  ABC^  jpJ^F,  are  to  one  another  in 
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a  dufilicate  firofiortion  ofthdr  homologous  or  like  sides  j  or  c« 
the  squares  AK^  and  DM  of  their  homologous  sides. 

Let  the  perpendiculars  CG  and  FH  be  drawn 
as  well  as  the  diagonals  BI  and  EL. 

The  perpendiculars  make  the  triangles  ACG 
and  D^jfiTequiangular,  and  therefore  similar  (bj 
theo.  16.)  for  because  the  angle  CAG=FDII,  and 
the  right  angle  AGC=DHF,  the  remaining  angle 
ACG=DFH,  (by  cor.  2.  theo.  5.) 

Therefore  GC'FH  •  (AC:  BF:  :)AB  •  BE, 
or  which  is  the  same  thing,  GC :  AB  : :  FH  •'  BE 
for  FH  multiplied  by  AB  =  AB  multiplied  by 
FH 

By  theo.  19.  ABC  •'  ABI  •' :  (CG  '  AI  or  AB 
as  before  :  :  FH  BE  or  BL  :  :  )  BFE  :  BLE 
therefore  ABC  ABI-'  BFE .  BLE,  or  ABC: 
AK  •  •  BFE  •  BM,  for  AK  is  double  the  trian- 
gle ABI,  and  BM  double  the  triangle  BEL,  by 
cor.  2.  theo.  12.  Q.  E.  B. 


TBEO.XXlll. 

PL.  %Jig.  6. 

Like  fiolygons  ABCDE, ab  c  d  e^  are  in  a  dufilicate  firofior- 
tion to  that  of  the  sides  AB,  a  b,  which  are  befween  the  equal 
angles  A  and  B  and  a  and  b,  or  as  the  squares  of  the  sides 
AB,  ab. 

Draw  AB,  AC,  ad,  ac. 

By  the  hypothesis  AB  --  ab  : :  BC'  be,  and  there- 
by also  the  angle  B  =bj  therefore  (by  theo.  21.) 
BAC  =  bacj  and  ACB=  a  cb  -'  in  like  manner 
EAB=^e  a  d,  ?LndEBA=eda,  If  therefore  from 
the  equal  angles  A,  and  a,  we  take  the  equal  ones 
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EAD  '\-BAC==e  a  rf,+  bac  the  remaining  angle 
DAC=  d  a  c,  and  if  from  the  equal  angles  1>  and 
d,  EJDA  =eda,  be  taken,  we  shall  have  ADC=a  d 
c  '  and  in  like  manner  if  from  C  and  c  be  taken 
BCA,  =zh  c  a,  we  shall  have  ACD  =ac  dj  and  so 
the  respective  angles  in  every  triangle,  will  be 
equal  to  those  in  the  other. 

By  theo.  22.  ABC'  abc-  -'  the  square  of  AC  t© 
the  square  of  ac,  and  also  ADC  '  adc  :  -  the  square 
of  AC,  to  the  square  of  a  c  ;  therefore  from  equa- 
lity of  proportions  ABC  -  ahc  '  •'  ADC-  adc; 
in  like  manner  we  may  shew  that  ADC  -  a  d  c  - 
EAD  '  ead-  Therefore  it  will  be  as  one  antece- 
dent is  to  one  consequent,  so  are  all  the  antecedents 
to  all  the  consequents.  That  is,  ABCh  to  a  6  c  as 
the  smn  of  the  three  triangles  in  the  first  polygon, 
is  to  the  sum  of  those  in  the  last.  Or  ABC  will  be 
to  a  6  c,  as  polygon  to  polygon. 

The  proportion  of  ^jBCto  ahc  (by  the  forego- 
ing theo.)  is  as  the  square  of  AB  is  to  the  square 
of  a  b,  but  the  proportion  of  polygon  to  polygon, 
is  as  ABC  to  a  b  c,  as  now  shown  :  therefore  the 
proportion  of  polygon  to  polygon  is  as  the  square 
of  AB  to  the  square  of  ab, 

THEO.  XXIV. 

PL.X.Jig.Z. 

Let  DHB  be  a  quadrant  of  a  circle  described  by  the  radius 
CB  ;  HB  an  arc  ofit^  and  DH  its  comiiUment  ;  HL  or  FC 
the  sine,  FHor  CL  its  co-nne,  BK  its  tangent,  Dlits  co-tan- 
gent ;  CKits  secant^  and  C/ its  co-secant.     Fig.  8. 

1.  The  co-sine  of  an  arc  is  to  the  sine,  as  the  ra- 
dius is  to  the  tangent. 
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t   2.  The  radius  is  to  the  tangent  of  an  arc,  as 
the  co-sine  of  it  is  to  the  sine. 

3.  The  sine  of  an  arc  is  to  its  co-sine,  as  the  ra- 
dius to  its  co-tangent ; 

4.  Or  tJie  radius  is  to  the  co-tangent  of  an  arc, 
as  its  sine  to  its  co-sine. 

5.  The  co-tangent  of  an  arc  is  to  the  radius,  ^s 
the  radius  to  the  tangent. 

6.  The  co-sine  of  an  arc  is  to  the  radius,  as  the 
radius  is  to  the  secant. 

7.  The  sine  of  an  arc  is  to  the  radius,  as  the  tan- 
gent is  to  the  secant. 

The  triangles  CliH  and  CBKy  being  similar, 
(by  theo.  16.) 

1.  CL:  LH:  :CB  :BK, 

2.  Or,  CB  :  BK:  :  CL  :  LH, 

The  triangles  CFH  and  C'DI,  being  similar. 

3.  CF  (or  LH)  :  FH : :  CD  :  DL 

4.  CD  :  DI:  :  CF  (or  LH)  :  FH. 

The  triangles  CDI  and  CBK  are  similar  :  for 
the  angle  CID  =  KCB,  being  alternate  ones  (by 
part  2.  theo.  3.)  the  lines  CB  and  DI  being  paral- 
lel :  the  angle  CDI=  CBK  being  both  right,  and 
consequently  the  angle  DC1=CKB,  wherefore^ 

5.DI:CD::CB:BK 
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And  again,  making  use  of  the  similar  triangle 
CLH  and  CBK. 

6.CL.CB..CH.CK. 

l.HL    CH   BK    CK. 


GEOMETRICAL  PROBLEMS. 

PROB.  I. 

Pl.  ^./ig,  7. 

To  make  a  triangle  of  three  given  right  lines  BO,  LB^  LO, 
of  which  any  two  must  be  greater  than  the  third. 

Lay  BL  from  B  to  L;  from  B  with  the  line  BO, 
describe  an  arc,  and  from  L  with  LO  describe 
another  arc ;  from  O,  the  intersecting  point  of 
those  arcs,  draw  BO  and  OL,  and  BOL  is  the 
triangle  required. 

This  is  manifest  from  the  construction. 

PROB.  II. 

Pl.  2.flg.  8. 

jft  afioint  B  in  a  given  right  line  BCy  to  make  an  angle  equal 
to  a  given  angle  Ji. 

Draw  any  right  line  ED  to  form  a  triangle,  as 
BAD,  take  jBF=^1>,  and  upon  5jP make  the  tri- 
angle BFG,  whose  side  BG=AE,  and  GF==ED 
(by  the  last)  then  also  the  angle  J5  =  ^;  if  we 
suppose  one  triangle  be  laid  on  the  other,  the  sides 
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will  mutually  agree  with  each  other,  and  therefore 
be  equal ;  for  if  we  consider  these  two  triangles  to 
be  made  of  the  same  three  given  lines,  tkey  are 
manifestly  one  and  the  same  triangle. 

Otherwise, 

Upon  the  centres  A  and  S,  at  any  distance,  let 
two  arcs,  Z>-E,  FG^  be  described  ;  make  the  arc 
-FG^=1>jE',  and  through  B  and  G  draw  the  line 
jBG^,  and  it  is  done. 

For  since  the  chords  JE'1>,  GF,  are  equal,  the 
angles  A  and  IB  are  also  eq  ual,  as  before  (by  def.l  7.) 

PROB.  III. 

Pl,  2.  Jig.  9. 

To  bkect  or  divide  into  two  equal  jiarts-^  any  given  right- 
lined  angle )  BAC, 

Tn  the  lines  AB  and  AC,  from  the  point  A  set 
off  equal  distances  AE,=AD,  then,  with  any  dis- 
tance more  than  the  half  of  D^",  describe  two  arcs 
to  cut  each  other  income  point  F;  and  the  right- 
line  AF,  joining  the  points  A  and  F,  will  bisect 
the  given  angle  BAC. 

For  if  DF  and  FE  be  drawn,  the  triangles 
ADF,  AEF,  are  equilateral  to  each  other,  viz. 
AD= AE,  DF=FE,  and  AF  commouy  where^ 
fore  I>AF=-EAF,  as  before. 

PROB.  IV. 

PL.  2.  Jig.  10. 
To  bisect  a  right-line,    AB. 

With  any  distance,  more  than  half  the  line,  from 
K 
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A  and  B,  describe  two  circles  CFD,  COD,  ciittinj^ 
ir^ach  other  in  the  points  C  and  D  ;  draw  CD  in- 
tersecting ABJin  E,  then  AE=EB. 

For,  if  AC,  AD,  BC,  BD,  be  drawn,  the  trian- 
gles ACD,  BCD,  will  be  mutually  equilateral, 
and  consequently  the  angle  ACE=BCE :  there- 
fore the  triangle  ACE,  BCE,  having  AC^BC, 
C^  common,  and  the  angle  ACE^BCE;  (by 
theo.  6.)  the  base  AE=  the  base  BE. 

Cor.  Hence  it  is  manifest,  that  CD  not  only  bi- 
sects ^£,  but  is  perpendicular  to  it,  (by  def.  11.) 

PROB.  V. 

Fl,  2.  Jig.  11. 

On  a  given  point  Jy  in  a  right  line  EF,  ta  erect  a  fierfieJi" 
clicuiar. 

From  the  point  A  lay  off  on  each  side,  the  equal 
distances,  AC,  AD  j  and  from  C  and  D,  as  cen- 
tres, with  any  interval  greater  than  AC  or  AD, 
describe  two  arcs  intersecting  each  other  in  B  ; 
from  ^  to  ^  draw  the  line  AB^  and  it  will  be  the 
perpendicular  required. 

For,  let  CB,  and  BD  be  drawn ;  then  the  trian- 
gles CAB,  DAB,  will  be  mutually  equilateral 
and  eq^uiangular,  so  CAB=DAB,  a  right  angle, 
(by  def.  10.) 

FROB.  VI. 

Fl,  2.  Jig,  12. 

To  raise  a  fierfiendicular  on  the  end  B  of  a  right  Ujie  JiB, 

From  any  point  D  not  in  the  line  AB,  with  the 
distance  from  D  to  J3,  let  a  circle  be  described  cut- 
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Iting  AB  in  E  ;  draw  from  E  through  D  the  right 
line  EDC,  cutting  the  periphery  in  C,  and  join 
CB  ;  and  that  is  the  perpendicular  required. 

EBC  being  a  semicircle,  the  angle  EBC  will 
be  a  right  angle  (by  cor.  5.  theo.  7.) 

PROB.  VIL 

From  a  given  fioint  J,  to  let  fall  a  perfiendicular  ufion  a  given, 
right  Une  BC. 

From  any  point  D,  in  the  given  line,  take  the 
distance  to  the  given  point  A^  and  with  it  describe 
a  circle  AGE,  make  G^E=^6^,  join  the  points  A 
and  E,  by  the  line  AFE,  and  AF\^i\\  be  the  per- 
pendicular required. 

Let  DA,DE,he  drawn ; the  angle  ADF=FDE, 
J)A=DE,  being  radii  of  the  same  circle,  and  DF 
common  ;  therefore  (by  theo.  6.)  the  angle  UFA 
^DFE,  and  FA  a  perpendicular.  (By  def.  10.) 

FROB.  VIII. 

Pl.  2.  Jig.  14. 

Through  a  given  fieint  J,  to  draw  a  right  line  AB^  fiarallel  to  a 
given  right  line  CD, 

From  the  point  A,io  any  point  F,  in  the  line 
CD,  draw  the  line  AF ;  with  the  interval  FA,  and 
one  foot  of  the  compasses  in  F,  describe  the  arc 
AE,  and  with  the  like  interval  and  one  foot  in 
Ay  describe  the  arc  BF,  making  BF=AE  ; 
through  A  and  B  draw  the  line  AB,  and  it  will 
be  parallel  to  CD. 
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By  prob.  2.  The  angle  BAF=AFEy?iud  by 
theo.  11.  BA  and  CD  are  parallel. 


FHOB.IX. 

PL.\.Jig.\7. 

Vfion  a  given  line  AB  to  describe  a  square  ABCD, 

Make  BC  perpendicular  and  equal  to  AB  ;  and 
from  A  and  C,  with  the  line  AB,  or  BC,  let  two 
arcs  be  described,  cutting  each  other  in  I)  ;  from 
whence  to  A  and  C,  let  the  lines  AB,  DC  be 
drawn  ;  so  is  ABCD  the  square  required. 

For  all  the  sides  are  equal  by  construction ; 
therefore  the  triangles  ADC  and  BAC,  are  mutu- 
ally equilateral  and  equiangular,  and  ABCD  is  an 
equilateral  parallelogram,  whose  anglers  are  right. 
For  B  being  right,  D  is  also  right,  and  DAC, 
DCA,BAC,ACB,eiichhalfa  right  angle,  (by  lem- 
ma preceding  theo.  7.  and  cor.  2.  theo.  5.)  whence 
DAB  and  BCD  will  each  be  a  right  angle,  and 
(by  def.  44.)  ABCD  is  a  square. 

SCHOLIUM. 

By  the  same  method  a  rectangle  or  oblong,  may 
\ie  described,  the  sides  thereof  being  given. 

PROB,  X. 

PL.2.Jig.  15. 

To  divide  a  given  right  line  AB,  into  any  fir ofiosed  number  of 
equalfiarts. 

Draw  the  indefinite  right  line  AP,  making  any 
angle  with  AB,  also  draw  BQ  parallel  to  AP,  m 


PKOBLEMS.  69 

each  of  which,  let  there  be  taken  as  many  equal 
parts  AM,  31N,  Sfc,  Bo,  on,  Sfc,  as  you  would 
have  AB  divided  into  ;  then  draw  3Im,  Nn,  SCc. 
intersecting  AB  in  E,  F,  SCc.  and  it  is  done. 

For  3IN  and  mn  being  equal  and  parallel,  FN 
will  be  parallel  to  EM ;  and  in  the  same  manner, 
GO  to  FN  (by  theo.  12.)  therefore  A3I,  MN, 
NO,  being  all  equal  by  construction,  it  is  plain 
(from  theo.  10.)  that  AE,  EF,  FG,  Sfc.  will  like- 
wise be  equal. 

PROB.  XI. 

PL.  2.  Jig.  16. 

ToJiJid  a  third  firofiortional  to  two  given  right  linesy  A  and  B. 

Draw  two  indefinite  blank  lines  CE,  CD,  any- 
wise to  make  any  angle.  Lay  the  line  A,  from  C 
to  F  ;  and  the  line  B,  from  C,  to  G  ;  and  draw  the 
line  FG  ;  lay  again  the  line  A,  from  C  to  M;  and 
through  H,  draw  jEZ/ parallel  to  FG  (hy  prob.  8.) 
so  is  CI  the  third  proportional  required. 

For  by  cor.  1.  theo.  20,  CG  :  CH :  :  CF :  CL 

Or,  B  :  A: :  A  :  CL 

PROB.  XII. 

PL.  2.  Jig.  17. 
Three  right  lines  A^B^  C^  given  to  Jind  a  fourth  firofiortional. 

Having  made  an  angle  DEF  anywise,  by  two 
indefinite  blank  right  lines,  ED,  EF,  as  before  ;  lay 
the  line  A,  from  E  to  G  ;  the  line  B,  from  E  to  I ; 
and  draw  the  luie  IG  ;■  lay  the  line  C,  from  E  to 
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Hy  and  (by  prob.  8.)  draw  jHZ^  parallel  thereto,  so 
will  EK  be  the  foui  Ih  proportional  required. 

For,  by  cor.  1.  theo.  20.  EG  :  EI : :  EH :  EK. 

Or,  A.  B::C.  EK. 

PROB.  XIII. 

PL,1^,Jig.    1. 

"Pwo  right  linesf  A  and  jB,  given  to  find  a  mean  firofiortional. 

Draw  an  indefinite  blank  line,  as  AF^,  on  which 
lay  the  line  A,  from  A  to  B,  and  the  line  B,  from 
B  to  C,  on  the  point  J5,  which  is  the  joining  point 
of  the  lines  A  and  B  ;  erect  a  perpendicular  BD 
(by  prob.  5.)  bisect  AC  m  E  (by  prob.  4.)  and  de- 
scribe the  semicircle  ADC;  and  from  the  point  I>, 
where  the  periphery  cuts  the  perpendicular  BD, 
draw  the  line  BD,  and  that  will  be  the  mean  pro- 
portional required.  z 

For  if  the  lines  AD,  DC,  be  drawn,  the  angle 
^J>Cis  a  right  angle  (by  cor.  5.  theo.  7.)  being  an 
angle  in  a  semicircle. 

The  angles  ABD,  DBC,  are  right  ones  (by  def. 
10.)  the  line  BD  being  a  perpendicular;  wherefore 
the  triangles  ABD,  DBC,  are  similar:  thus  the  an- 
gleABD = DBC,  being  both  right,  the  angle  DAC 
is  the  complement  of  BDA  to  a  right  angle  (by 
cor.  2.  theo.  5.)  and  is  therefore  equal  to  BDC,  the 
angle  ADC  being  a  right  angle  as  before  ;  conse- 
quently (by  cor.  1.  theo.  5.)  the  angle  yli)jB== 
jDCBy  wherefore  (by  theo.  16.) 

'     AB  :  BD  : :  BD  :  BC. 
Or,A:BD::BD:B. 
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PROB.XIV, 

Pl.XJiS'^' 

To  divide  a  right  line  JB,  in  the  fioint  E,  so  that  JE  shall  have 
the  bame  profiortion  to  EB^  as  iivo  given  lines  C  and  D  have* 

Draw  an  indejinite  blank  \me,AF,  to  the  ex- 
tremity of  the  line  AB,  to-  make  with  it  any  an- 
gle; lay  the  line  C,  from  A  to  C ;  and  D,  from  C 
to  D  ;  and  join  the  points  jB  and  J),  by  the  line 
BB  ;  throu|^h  C  draw  CE  parallel  to  jBi>  (by 
prob.  8.)  so  is  E  the  point  of  division. 

Far,  by  cor.  1.  theo.  20.  AC:  AD  : :  AE  :  AB. 
Oy,C:D::AE:EB. 

PROB.  XV. 

Pl.  3.  Jig,  3. 

To  describe  a  circle  about  a  triangle  ABC^  or  (which  is  the  same 
thing)  through  any  three  fiointS)  A^  B,  C,  which  are  no£ 
situated  in  a  right  line* 

By  prob.  4.  Bisect  the  line  AC  by  the  perpendi- 
cular DE,  and  also  CB,  by  the  perpendicular  FG^ 
the  point  of  intersection  H,  of  these  perpendiculars, 
is  the  centre  of  the  circle  required ;  from  which  take 
the  distance  to  any  of  the  three  points  Ay  B,  C, 
and  describe  the  circle  ABC,  and  it  is  done. 

For,  by  cor.  to  theo.  8.  The  lines  BE  dnidFG, 
must  each  pass  through  the  centre,  therefoi^e,  their 
point  of  intersection  H,  must  be  the  centre. 

SCHOLIUM. 

By  this  method  the  centre  of  a  circle  may  1^, 
found,  by  having  only  a  segment  of  it  given/ 
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PROB.  XVI. 

PL.  3.  Jig.  4. 

To  make  an  angle  of  any  number  of  degrees,  at  the  fioint  Ay  of 
the  line  AB,  suppose  of  45  degrees. 

Prom  a  scale  of  chords  take  60  degrees,  for  60* 
is  equal  to  the  radius  (by  cor.  theo.  1 5.)  and  with 
that  distance  from  A,  as  a  centre,  describe  a  circle 
from  the  line  AB  ;  take  45  degrees,  thecjuantityof 
the  given  angle,  from  the  same  scale  of  chords,  and 
lay  it  on  that  circle  from  aioh  ;  through  A  and  6, 
draw  the  line  AhC,  and  the  angle  A  will  be  an 
angle  of  45  degrees,  as  required. 

If  the  given  angle  be  more  than  90%  take  its  half 
(or  divide  it  into  any  two  parts  less  than  90)  and 
lay  them  after  each  other  on  the  arc,  which  is  de- 
scribed with  the  chord  of  60  degrees ;  through  -the 
extremity  of  which,  and  the  centre,  let  a  line  be 
drawn,  and  that  will  form  the  angle  requiied,  with 
the  given  line. 

pi?0J5.xvir. 


FL.S.j^g.S. 
To  measure  a  given  angle^  ABC, 

If  the  lines  which  include  the  angle,  be  not  as 
long  as  the  chord  of  60^"  on  your  scale,  produce 
them  to  that  or  a  greater  length,  and  between  them 
so  produced,  with  the  chord  of  6Q"  from  B^  de- 
scribe J:he  arc  ed;  which  distance  ed,  measured  on 
the  same  line  of  chords,  gives  the  quantity  of  the 
angle  BAQ  as  required ;  this  is  plain  from  def.  1 7. 
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PROB.  XVIII. 

Pl.  S.Jig.  6. 

To  make  a  triangle  BCE  equal  to  a  given  quadrilateral 
figure  ABQD. 

Draw  the  diagonal  AC,  and  parallel  to  it  (by 
prob.  8.)  Z>jB,  meeting  AB  produced  in  J^;  then 
draw  CjE,  anJ  £CB  will  be  the  triangle  required. 

For  the  triangles  ADC,  AEC,  being  upon  the 
&ame  base  AC,  and  under  the  same  parallel  ED, 
(by  cor.  to  theo.  13.)  will  be  equal,  therefore  if 
ABC  be  added  t©  each,  then  ABCD  =BEC 

PROB.  XIX. 

PL.  S.  fig.  7. 

To  make  a  triangle  DFH,  equal  to  a  given  five-sided  figure 
ABCDE. 

Draw  DA  and  DB,  and  also  EH  and  CF,  pa- 
rallel to  them  (by  prob.  8.)  meeting  AB  produced 
in  ifand  F;  then  draw  DH,  DF,  and  the  trian- 
gle HDF  is  the  one  required. 

For  the  triangle  DEA  =  DHA,  and  DBC  = 
DFB  (by  cor.  to  theo.  13j  therefore  bv  adding 
these  equations,  DEA  +  DBC^  DHA-h  DFB 
if  to  each  of  these  ADB  be  added  ;  then  DEA  -h 
ADB  +  DBC=  ABCDE  =  (DHA  -^  ABD  + 
DFB,  =  DHF. 

PROB   XX. 

Pl.  3.  fig.  8. 

To  project  the  lines  of  chords^  sineS)  tangents  and  secants.^ 
^ith  any  radius. 
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On  the  line  AB,  let  a  semicircle  ADB  be  de- 
scribed ;  let  CDF  be  drawn  perpendicular  to  thig 
line  from  the  centre  C;  and  the  tangent  BE  per- 
pendicular to  the  end  of  the  diameter ;  let  the  quad- 
rants, AD,  DB,  be  each  divided  into  9  equal  parts, 
every  one  of  which  will  be  10  degrees ;  if  then  from 
the  centre  C,  lines  be  drawn  through  10,  20,  30,40, 
&c.  the  divisions  of  the  quadrant  BD,  and  continu- 
ed to  BE,  we  shall  there  have  the  tangents  of  10, 
20,  30,  40,  kc.  and  the  secants  C  10,  C  20,  C  30, 
&c.  are  transferred  to  the  line  CF,  by  describing 
the  arcs  10,  10  :  20,  20  :  30,  30,  kc.  If  from  10, 
20,  30,  &c.  the  divisions  of  the  quadrant  jB1>,  there 
be  let  fall  perpendiculars,  let  these  be  transferred 
to  the  radius  CB,  and  we  shall  have  the  sines  of 
10, 20,  30,  &c.  and  if  from  A  we  describe  the  arcs 
10,  10  :  20,  20 :  30,  30,  &:c.  from  every  division  of 
the  arc  AD;  we  shall  have  a  line  of  chords. 
The  same  way  we  may  have  the  sine,  tangent,  SCc. 
to  every  single  degree  on  the  quadrant,  by  subdi- 
viding each  of  the  9  former  divisions  into  10  equal 
partsr  By  this  method  the  sines,  tangents,  SCc.  may 
be  drawn  to  any  radius  ;  and  then,  after  they  are 
transferred  to  lines  on  a  rule,  we  shall  have  the 
scales  of  sines,  tangents,  Sfc,  ready  for  use. 


MATHEMATICAL 

DRAWING  INSTRUMENTS. 

The  strictness  of  geometrical  demonstration  ad- 
mits of  no  other  instruments,  than  a  rule  and  a  pair 
of  compasses.  But,  in  proportion  as  the  practice  of 
geometry  was  extended  to  the  different  arts,  either 
connected  Avith,  or  dependent  upon  it,  new  instm- 
ments  became  necessary,/  ome  to  answer  peculiar 
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purposes,  some  to  facilitate  operation,  and  others 
to  promote  accuracy. 

As  almost  every  artist,  whose  operations  are 
connected  with  mathematical  designing,  furnishes 
himself  with  a  case  of  diawing  instruments  suited 
to  his  peculiar  purposes,  they  are  fitted  up  in  va- 
rious modes,  some  containing  more,  others,  fewer 
instruments.  The  smallest  collection  put  into  a 
case,  consists  of  a  plane  scale,  a  pair  of  compasses 
with  a  moveable  leg,  and  two  spare  points,  which 
may  be  applied  occasionally  to  the  compasses ;  one 
of  these  points  is  to  hold  ink  ;  the  other,  a  porte 
crayon,  for  holding  a  piece  of  black-lead  pencil. 

What  is  called  a  full  pocket  case,  contains  the 
following  instruments. 

A  pair  of  large  compasses  with  a  moveable  point, 
an  ink  point,  a  pencil  point,  and  one  for  dotting; 
either  of  those  pohits  may  be  inserted  in  the  com- 
passes, instead  of  the  moveable  leg. 

A  pair  of  plain  compasses  somewhat  smaller 
than  those  with  the  moveable  leg. 

A  pair  of  bow  compasses. 

A  drawing  pen  with  a  protracting  pin  in  the  up= 
per  part. 

A  sector. 

A  plain  scale. 

A  protractor. 

A  parallel  rule. 

A  pencil  and  screw-driver.^ 

*  Large  collections  are  called,  magazine  cases  of  instrW'^ 
merits  ;  ibese  generally  contain 

A  pair  of  six  inch  compasses  with  a  moveable  leg,  an  ink 
point,  a  dotting  point,  the  crayon  point,  so  contrived  as  to  hold 
a  whole  pencil,  two  additional  pieces  to  lengthen  occasionally 
one  leg  of  the  compasses,  and  thereby  enable  them  to  measure 
greater  extents,  and  describe  circles  of  a  larger  radius. 

A  pair  of  hair  compasses. 

A  pair  of  bow  compasses. 

A  pair  of  triangular  compasse*^. 
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In  a  case  with  tlie  best  instruments,  the  protrac- 
tor  and  plain  scale  are  always  combined.  The  in- 
struments in  most  general  use  are  those  of  six  in- 
ches ;  instruments  are  seldom  made  longer,but  often 
smaller.  Those  of  six  inches  are,  however,  to  be 
preferred,  in  general,  before  any  other  size  ;  they 
will  effect  all  that  can  be  performed  with  the  short- 
est ones,  while,  at  the  same  time,  they  are  better 
adapted  to  large  work. 

OF  DRAWING  COMPASSES. 

Compasses  are  made  either  of  silver  or  brass,  but 
with  steel  points.  The  joints  should  ahvays  be 
framed  of  different  substances ;  thus,  one  side,  or 
part,  should  be  of  silver  or  brass,  and  the  other  of 

A  sector. 

A  parallel  rule. 

A  protractor. 

A  pair  of  proportional  compasses,  either  with  or  without 
an  adjusting  screw. 

A  pair  of  wholes  and  halves. 

Two  drawing  pens,  and  a  pointril. 

A  pair  of  small  hair  compasses,  with  a  head  similar  to  those 
of  the  bow  connpasses. 

A  knife,  a  file,  key,  and  screw-driver,  or  the  compasses  in 
one  piece. 

A  small  set  of  fine  water  colours. 

To  these  somdtf  the  following  instruments  are  often  added. 

A  pair  of  beam  compasses. 

A  pair  of  gunners  callipers. 

A  pair  of  elliptical  compasses. 

A  pair  of  spiral  ditto. 

A  pair  of  perspective  compasses. 

A  pair  of  compasses  with  a  micrometer  screw. 

A  rule  for  drawing  lines,  tending  to  a  centre  at  a  great  dis- 
tance. 

A  protractor  and  parallel  rule. 

One  or  n>ore  parallel  rules. 

A  pantographer,  or  Pentagraph. 

A  pair  of  sectoral  compasses,  forming,  at  the  same  time,  a 
pair  of  beam  and  ealliper  compasses. 
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steel.  The  difference  in  the  texture  and  pores  of 
the  two  metals  causes  the  parts  to  adhere  less  to-*" 
gether,  diminishes  the  wear,  and  promotes  unifor- 
mity in  their  motion.  The  truth  of  the  work  is  as- 
certained by  the  smoothness  and  equality  of  the 
motion  at  the  joint,  for  all  shake  and  irregularity  is 
a  certain  sign  of  imperfection.  The  points  should 
be  of  steely  so  tempered,  as  neither  to  be  easily 
bent  or  blunted ;  not  too  fine  and  tapering,  and 
yet  meeting  closely  when  the  compasses  are  shut. 

As  an  instrument  of  art,  compasses  are  so  well 
known,  that  it  would  be  superfluous  to  enumerate 
the  various  uses  ;  suffice  it  then  to  say,  that  they 
are  used  to  transfer  small  distances,  measure  given 
spaces,  and  describe  arches  and  circles. 

If  the  arch  or  circle  is  to  be  described  obscurely, 
the  steel  points  are  best  adapted  to  the  purpose  ; 
if  it  is  to  be  in  ink  or  black  lead,  either  the  draw- 
ing pen,  or  crayon  points  are  to  be  used.    \ 

j?<o  use  a  pair  of  compasses.  Place  the  thumb  and 
middle  finger  of  the  right  hand  in  the  opposite  hol- 
lows in  the  shanks  of  the  compasses,  then  press  the* 
compasses,  and  the  legs  will  open  a  little  way;  thig 
being  done,  push  the  innermost  leg,  with  the  third 
finger,  elevating,at  the  same  time,  the  furthermost, 
with  the  nail  of  the  middle  finger,  till  the  compas- 
ses are  sufficiently  opened  to  receive  the  middle  and 
third  finger ;  they  may  then  be  extended  at  pleasure, 
by  pushing  the  fuilhermost  leg  outwards  with  the 
middle,  or  pressing  it  inwards  with  the  four  finger. 
In  describing  circles,  or  arches,  set  one  foot  of  the 
compasses  on  the  centre,  and  then  roll  the  head  of 
the  compasses  between  the  middle  and  four  finger, 
the  other  point  pressing  at  the  same  time  upon  the 
paper.  They  should  be  held  as  upright  as  possible, 
aud  care  should  be  taken  not  to  press  forcibly  upon 
them,but  rather  to  let  them  act  by  their  own  weight ; 
fhelegs  should  never  be  so  far  extended,  as  to  form 
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an  obtuse  angle  with  the  paper  or  plane,  on  which 
they  are  used. 

The  ink  and  crayon  points  have  a  joint  just  un- 
der that  part  which  fits  into  the  compasses;  by  this 
they  may  be  always  so  placed  as  to  be  set  nearly 
perpendicular  to  the  paper;  the  end  of  the  shank  of 
the  best  compasses  is  framed  so  as  to  form  a  strong 
spring,  to  bind  firmly  the  moveable  points,  and  pre- 
vent them  from  shaking.  This  is  found  to  be  a 
more  effectual  method  than  that  by  a  screw. 

Two  additional  pieces  are  often  applied  to  these 
compasses  ;  these,  by  lengthening  the  leg,  enable 
them  to  strike  larger  circles,  or  measure  greater 
extents,  than  they  would  otherwise  perform,  and 
that  without  the  inconveniences  attending  longer 
compasses.  When  compasses  are  fm^nished  with 
this  additional  piece,  the  moveable  Jeg  has  a  joints 
that  it  may  be  placed  perpendicular  to  the  paper. 

l^hc  how  compasses,  are  a  small  pair,  usually  with 
a  point  for  ink ;  they  are  used  to  describe  small 
arches  or  circles,  which  they  do  much  more  conve- 
niently than  large  compasses,  not  only  on  account 
of  their  size,  but  also  from  the  shape  of  the  head, 
which  rolls  with  great  ease  between  the  fingers. 

Of  the  drawing  pen  and  protracting  pin.  The 
pen  part  of  this  instrument  is  used  to  draw  strait 
lines :  it  consists  of  two  blades  with  steel  points 
fixed  to  a  handle  ;  the  blades  are  so  bent,  that  the 
ends  of  the  steel  points  meet,  and  yet  leave  a  suffi- 
cient cavity  for  the  ink ;  the  blades  may  be  opened 
more  or  less  by  a  screw,  and,  being  properly  set, 
will  draw  a  line  of  any  assigned  thickness.  One 
of  the  blades  is  framed  with  a  joint,  that  the  points 
may  be  separated,  and  thus  cleaned  more  conve- 
niently ;  a  small  quantity  only  of  ink  should  be 
put  at  one  time  into  the  drawing  pen,  and  this 
should  be  placed  in  the  cavity,  between  the  blades, 
by  a  cominon  pen,  or  feeder ;  the  drawing  pen  acts 
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better,  if  the  pen,  by  which  the  ink  is  inserted,  be 
made  to  pass  through  the  blades.  To  use  the 
drawing  pen,  first  feed  it  with  ink,  then  regulate  it 
to  the  thickness  of  the  required  line  by  the  screw. 
In  drawing  lines,  incline  the  pen  a  small  degree, 
taking  care,  howe*^er,  that  the  edges  of  both  the 
blades  touch  the  paper,  keeping  the  pen  close  to 
the  rule,  and  in  the  same  direction  during  the  whole 
operation :  the  blades  should  always  be  wiped 
very  clean,  before  the  pen  is  put  away. 

These  directions  are  equally  applicable  to  the 
ink  point  of  the  compasses,  only  observing,  that 
when  an  arch  or  circle  is  to  be  described,  of  more 
than  an  inch  radius,  the  point  should  be  so  bent, 
that  the  blades  of  the  pen  may  be  nearly  perpen- 
dicular to  the  paper,  and  both  of  them  touch  it  at 
the  same  time. 

The  protracting  pin,  is  only  a  short  piece  of  steel 
wire,  with  a  very  fine  point,  fixed  at  one  end  of  the 
upper  part  of  the  handle  of  the  drawing  pen.  It  is 
used  to  mark  the  intersection  of  lines,  or  to  set  off 
divisions  from  the  plotting  scale,  and  protractor. 


OF  THE  SECTOR. 

Amidst  the  variety  of  mathematical  instruments 
that  have  been  contrived  to  facilitate  the  art  of 
drawing,  there  is  none  so  extensive  in  its  use,  or 
of  such  general  application,  as  the  sector.  It  is  an 
vmiversal  scale,  uniting,  as  it  were,  angles  and  pa- 
rallel lines,  the  rule  and  the  compass,  which  are 
the  only  means  that  geometry  makes  use  of  for 
measuring,  whether  in  speculation  or  practice. 
The  real  inventor  of  this  valuable  instrument  is 
unknown;  yet  of  so  much  merit  has  the  invention 
appeared,  that  it  was  claimed  by  Galileo^  and  dis- 
puted by  nations. 
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This  instrument  derives  its  name  from  the  tenth 
definition  of  the  third  book  of  Euclid,  where  he  de- 
fines the  sector  of  a  circle.  It  is  formed  of  iwo  equal 
rules  called  legs ;  these  legs  are  moveable  about 
the  centre  of  a  joint,  and  will,  consecjuently,  by 
their  different  openings,  represent  every  possible 
variety  of  plane  angles.  The  distance  of  the  ex- 
tremities of  these  rules  are  the  subtenses  or  chords, 
or  the  arches  they  describe. 

Sectors  are  made  of  different  sizes,  but  their 
length  is  usually  denominated  from  the  length  of 
the  legs  when  the  sector  is  shut.  Thus  a  sector 
of  six  inches,  when  the  legs  are  close  together, 
forms  a  rule  of  12  inches  when  opened ;  and  a 
foot  sector  is  two  feet  long,  when  opened  to  its 
greatest  extent.  In  describing  the  lines  usually 
placed  on  this  instrument,  I  refer  to  those  com- 
monly laid  down  on  the  best  six- inch  brass  sectors. 
But  as  the  principles  are  the  same  in  all,  and  the 
differences  little  more  than  in  the  number  of  sub- 
divisions, it  is  to  be  presumed  that  no  difficulty 
will  occur  in  the  application  of  what  is  here  said 
to  sectors  of  a  larger  radius. 

The  scales,  or  lines  graduated  upon  the  faces  of 
tlie  instrument,  and  which  are  to  be  used  as  sec- 
toral lines,  proceed  from  the  centre  ;  and  are,  1. 
T*\o  scales  of  equal  parts,  oneon  each  leg,  marked 
LIN.  or  L.  Each  of  these  scales,  from  the  great  ex- 
tensiveness  of  its  use,  is  called  the  line  of  lines. 
2.  Two  lines  of  chords,  marked  cho.  or  c.  3.  Two 
lines  of  secants,  marked  sec.  or  s.  A  line  oi poly- 
gons, marked  pol.  Upon  the  other  face,  the  sec- 
toral lines  are,  1.  Two  lines  of  sines  marked  sin. 
or  s.  2.  Two  lines  of  tangents,  marked  tan.  3. 
Between  the  lines  of  tangents  and  sines,  there  is 
another  line  of  tangents  to  a  lesser  radius,  to  sup- 
ply the  defect  of  the  former,  and  extending  fron^ 
4.0*>  to  75^ 
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Each  pair  of  these  lines  (except  the  line  of  po- 
lygons) is  so  adjusted  as  to  make  equal  angles  at 
the  centre,  and  consequently  at  whatever  distance 
the  sector  be  opened,  the  angles  will  be  always  re- 
spectively equal.  That  is,  the  distance  between  10 
and  10  on  the  line  of  lines,  will  be  equal  to  60  and 
60  on  the  line  of  chords,  90  and  90  on  the  line  of 
sines,  and  45  and  45  on  the  line  of  tangents. 

Besides  the  sectoral  scales,  there  are  others 
on  each  face,  placed  parallel  to  the  outward 
edges,  and  used  as  those  of  the  common  plain 
scale.  There  are  on  the  one  face,  1.  A  line  of 
inches.  2.  A  line  of  latitudes.  3.  A  line  of  hours. 
4.  Aline  of  inclination  of  meridians.  5.  Aline 
of  chords.  On  the  other  face,  three  logarithmic 
scales,  namely,  one  of  numbers,  one  of  sines,  and 
one  of  tangents;  these  are  used  when  the  sectoi* 
is  fully  opened,  the  legs  forming  one  line. 

To  read  and  estimate  the  divisions  on  the  sectoral 
lines.  The  value  of  the  divisions  t)n  most  of  the 
lines  are  determined  by  the  figures  adjacent  to 
them ;  these  proceed  by  tens,  w^hich  constitute  the 
divisions  of  the  first  order,  and  are  numbered  ac- 
cordingly ;  but  the  value  of  the  divisions  on  the 
line  of  lines,  that  are  distinguished  by  figures,  is 
entirel;^'  arbitrary,  and  iTiay  represent  any  value 
that  is  given  to  them  ;  hence  the  figures  1,  2,  3,  4, 
&c.  may  denote  either  10,  20,  30,  40  ;  or  100,  200, 
300,  400,  and  so  on. 

The  line  of  lines  is  divided  into  ten  equal  parts, 
numbered  1,  2,  3,  to  10  ;  these  may  be  called  divi- 
sions of  the  first  order ;  each  of  these  are  again 
subdivided  into  10  other  equal  parts,  which  may 
be  called  divisions  of  the  second  ord^ ;  and  each 
of  these  is  divided  into  two  equal  parts,  forming 
divisions  of  the  thii'd  order. 

The  divisions  on  all  the  scales  are  contained  be- 
tween four  parallel  lines  ;  those  of  t^e  first  order 
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extend  to  the  most  distant ;  those  of  the  third,  to 
the  least ;  those  of  the  second,  to  the  intermediate? 
parallel. 

When  the  whole  line  of  lines  represents  100,  the 
divisions  of  the  first  order,  or  those  to  which  the 
figures  are  annexed,  represent  tens ;  those  of  the 
second  order,  units ;  those  of  the  third  order,  the 
halves  of  these  units.  If  the  whole  line  represents 
ten,  then  the  divisions  of  the  first  order  are  units ; 
those  of  the  second,tenth»,andthe  thirds,twentieths. 

In  the  line  of  tangents,  the  divisions  to  which  the 
numbers  are  affixed,  are  the  degrees  expressed  by 
those  numbers.  Every  fifth  degree  is  denoted  by  a 
line  somewhat  longer  than  the  rest;  between  every 
number  and  each  fifth  degree,  there  are  four  divi- 
sions, longer  than  the  intermediate  adjacent  ones, 
these  are  whole  degrees  ;  the  shorter  ones,  or  those 
of  the  third  order,  are  30  minutes. 

From  the  centre,  to  60  degrees,  the  line  of  sines 
is  divided  like  the  line  of  tangents;  from  60  to  70, 
it  is  divided  only  to  every  degree ;  from  70  to  80, 
to  every  two  degrees ;  from  80  to  90,  the  division 
must  be  estimated  by  the  eye. 

The  divisions  on  the  line  of  chords  are  to  be  es- 
timated in  the  same  manner  as  the  tangents. 

The  lesser  line  of  tangents  is  graduated  every 
two  degrees  from  45  to  50  ;  but  from  50  to  60,  to 
every  degree  ;  from  60  to  the  end,  to  half  degrees. 

The  line  of  secants  from  0  to  10,  is  to  be  esti- 
mated by  the  eye  ;  from  20  to  50  it  is  divided  to 
every  two  degrees ;  from  50  to  60,  to  every  degree ; 
and  from  60  to  the  end,  to  every  half  degree. 

The  solution  of  questions  on  the  sector  is  said 
to  be  simple,  when  the  work  is  begun  and  ended  on 
the  same  line  ;  compound,  when  the  operation  be- 
gins on  one  line,  and  is  finished  on  the  other. 

The  operation  varies  also  by  the  manner  in  which 
the  compasses  are  applied  to  the  sector.    If  a  mea- 
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sure  be  taken  on  any  of  the  sectoral  lines,  begin- 
ning at  the  centre,  it  is  called  a  lateral  distance. 
But  if  the  measure  be  taken  from  any  point  in  one 
line,  to  its  corresponding  point  on  the  line  of  the 
same  denomination,  on  the  other  leg,  it  is  called  a 
transverse  or  parallel  distance. 

The  divisions  of  each  sectoral  line  are  bounded 
by  three  parallel  lines ;  the  innermost  of  these  is 
that  oh  which  the  points  of  the  compasses  are  to 
be  placed,  because  this  alone  is  the  line  which  goes 
to  the  centre,  and  is  alone,  therefore,  the  sectoral 
line. 

We  shall  now  proceed  to  give  a  few  general  in- 
stances of  the  manner  of  operating  with  the  sector. 

Multiplication  hy  the  line  of  lines.  Make  the 
lateral  distance  of  one  of  the  factors  the  parallel 
distance  of  10 ;  then  the  parallel  distance  of  the 
other  factor  is  the  product. 

Example,  Multiply  5  by  6,  extend  the  com- 
passes from  the  centre  of  the  sector  to  5  on  the 
primary  divisions,  and  open  the  sector  till  this  dis- 
tance become  the  parallel  distance  from  10  to  10 
on  the  same  divisions  ;  then  the  parallel  distance 
from  6  to  6,  extended  from  the  centr©  of  the  sector, 
shall  reach  to  3,  which  is  now  to  be  reckoned  30. 
At  the  same  opening  of  the  sector,  the  parallel 
distance  of  7  shall  reach  from  tlie  centre  to  35, 
that  of  8  shall  reach  from  the  centre  to  40,  &c. 

Division  by  the  line  of  lines.  Make  the  lateral 
distance  of  the  dividend  the  parallel  distance  of  the 
divisor,  the  parallel  distance  of  10  is  the  quotient. 
Thus,  to  divide  30  by  5,  make  the  lateral  distance 
of  30,  viz.  3  on  the  primary  divisions,  the  parallel 
distance  of  5  of  the  same  divisions ;  then  the  pa- 
rallel distance  of  10,  extended  from  the  centre, 
shall  reach  to  6. 

Proportion  hy  the  line  of  lines.  Make  the  lateral 
distance  of  the  second  term  the  parallel  distance 
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of  the  first  term  ;  the  parallel  distance  of  the  third 
term  is  the  fourth  proportional. 

Example,  To  find  a  fourth  proportional  to  8, 4, 
and  6,  take  the  lateral  distance  of  4,  and  make  it 
the  parallel  distance  of  8 ;  then  the  parallel  dis- 
tance of  6,  extended  from  the  centre,  shall  reach 
to  the  fourth  proportional  3. 

In  the  same  manner  a  third  proportional  is  found 
to  two  numbers.  Thus,  to  find  a  third  proportion- 
al to  8  and  4,  the  sector  remaining  as  in  the  former 
example,  the  parallel  distance  of  4,  extended  from 
the  centre,  shall  reach  to  the  third  proportional  2, 
In  all  these  cases,  if  the  number  to  be  made  a  pa- 
rallel distance  be  too  great  for  the  sector,  some  ali- 
quot part  of  it  is  to  be  taken,  and  the  answer  mul- 
tiplied by  the  number  by  which  the  first  number 
was  divided.  Thus,  if  it  were  required  to  find  a 
fourth  proportional  to  4,  8,  and  6  ;  because  the  la- 
teral distance  of  the  second  term  8  cannot  be  made 
the  parallel  distance  of  the  first  term  4,  take  the 
lateral  distance  of  4,  viz.  the  half  of  8,  and  make  it 
the  parallel  distance  of  the  first  term  4  ;  then  the 
parallel  distance  of  the  third  term  6,  shall  reach 
from  the  centre  to  6,  viz.  the  half  of  1 2.  Any  other 
aliquot  part  of  a  number  may  be  used  in  the  same 
way.  In  like  manner,  if  the  number  proposed  be 
too  small  to  be  made  the  parallel  distance,  it  may 
be  multiplied  by  some  number,  and  the  answer  is 
to  be  divided  by  the  same  number. 

To  protract  angles  hi/the  line  of  Chords.  Cast 
J.  When  the  given  degrees  are  under  60.  1.  With 
any  radius  on  a  centre,  describe  the  arch.  2.  ]\Iake 
the  same  radius  a  transverse  distance  between  60 
and  60  on  the  line  of  chords.  3.  Take  out  the 
transverse  distance  of  tlie  given  degrees,  and  lay 
this  on  the  arch,  which  will  mark  out  the  angular 
distance  required. 

Case  2.  When  the  given  degrees  are  more  than 
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60.  1.  Open  the  sector,  and  describe  the  arch  as 
before.  2.  Take  |-  or  |  of  the  given  degrees,  and 
take  the  transverse  distance  of  this  7  or  ^,  and  lay 
it  off  twice,  if  the  degrees  were  halved,  three  times 
if  the  third  was  used  as  a  transverse  distance. 

Case  3.  When  the  requued  angle  is  less  than  6 
degrees  ;  suppose  3.  1.  Open  the  sector  to  the 
given  radius,  and  desciitbe  the  arch  as  before.  2. 
Set  off  the  radius.  3.  Set  off  the  chord  of  57  de- 
grees backwards,  which  will  give  the  arc  of  three 
degrees. 

Given  the  radius  of  a  circle,  f  suppose  equal  to 
two  inches,  J  required  the  sine  and  tangent  of  2S^  30' 
to  that  radius. 

Solution.  Open  the  sector  so  that  the  trans- 
verse distance  of  90  and  90  on  the  sines,  or  of  45 
and  45  on  the  tangents,  may  be  equal  to  the  given 
radius,  yiz.  two  inches ;  then  will  the  transverse  dis- 
tance of  38^  30',  taken  from  the  sines,  be  the 
length  of  that  sine  to  the  given  radius ;  or  if  taken 
from  the  tangents  ;  will  be  the  length  of  that  tan- 
gent to  the  given  radius. 

But  if  the  secant  of  28<^  30'  ivas  required  ? 

Make  the  given  radius,  two  inches,  a  transverse 
distance  to  0  and  0,  at  the  beginning  of  the  line  of 
secants ;  and  then  take  the  transverse  distance  of 
the  degrees  w  anted,  viz.  28^  30'. 

A  tangent  greater  than  45^  f  suppose  ^O^J  is 
found  thus. 

Make  the  given  radius,  suppose  two  inches,  a 
transverse  distance  to  45  and  45  at  the  beginning 
of  the  scale  of  upper  tangents ;  and  then  the  re- 
quired number  60^0C'may  be  taken  from  this  scale. 

Given  the  length  of  the  sine,  tangent,  or  secant  of 
any  degrees  ;  to  find  the  length  of  the  radius  to  thai 
sine,  tangent,  or  secant. 

Make  the  given  length  a  transverse  distance  to 
its  given  degrees  on  its  respective  scale  :  then. 
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In  the  sines.  The  transverse  distance  of  90  and 
90  will  be  the  radius  sought. 

In  the  lower  tangents.  The  transverse  distance 
of  45  and  45,  near  the  end  of  the  sector,  will  be 
the  radius  sought. 

In  the  upper  tangents.  The  transverse  distance 
of  45  and  45,  taken  towards  the  centre  of  the  sec- 
tor on  the  line  of  upper  tangents,  will  be  the  centre 
sought. 

In  the  secant.  The  transverse  distance  of  0  and 
0,  or  the  beginning  of  the  secants,  near  the  centre 
of  the  sector,  will  be  the  radius  sought. 

Given  the  radius  and  any  line  representing  a  sine, 
tangent,  or  secant ;  to  find  the  degrees  corresponding 
to  that  line. 

Solution.  Set  the  sector  to  the  given  radius, 
according  as  a  sine,  or  tangent,  or  secant  is  con- 
cerned. 

Take  the  given  line  between  the  compasses ; 
apply  the  two  feet  transversely  to  the  scale  con- 
cerned, and  slide  the  feet  along  till  they  both  rest 
on  like  divisions  on  both  legs  ;  then  will  those  di- 
visions shew  the  degrees  and  parts  corresponding 
to  the  given  line. 

To  find  the  length  of  a  versed  sine  to  a  given  num- 
ber  of  degrees,  and  a  given  radius. 

Make  the  transverse  distance  of  90  and  90  on 
the  sines,  equal  to  the  given  radius. 

Take  the  transverse  distance  of  the  sine  com- 
plement of  the  given  degrees. 

If  the  given  degrees  are  less  than  90,  the  differ- 
lence  between  the  sine  complement  and  the  radius 
gives  the  versed  sine. 

If  the  given  des^rees  are  more  than  90,  the  sum 
of  the  sine  complement  and  the  radius  gives  the 
versed  sine. 

To  open  the  legs  of  the  sector,  so  that  the  corres- 
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mnding  double  scales,  of  lines,  chords,  sines,  and 
tangents,  may  make  each  a  right  angle. 

On  the  lines,  make  the  lateral  distance  10,  a 
distance  between  eight  on  one  leg,  and  six  on  the 
other  leg. 

On  the  sines,  make  the  lateral  distance  90  a  trans- 
verse distance  from  45  to  45 ;  or  from  40  to  50 ;  or 
from  30  to  60  ;  or  from  the  sine  of  any  degrees  to 
their  complement. 

Or  on  the  sines,  make  the  lateral  distance  of  45 
a  transverse  distance  between  30  and  30.  ' 

OF  THE  PLAIN  SCALE. 

The  divisions  laid  down  on  fhe  plain  scale  are  of 
two  kinds,  the  one  having  more  immediate  relation 
to  the  circle  and  its  properties,  the  other  being 
merely  concerned  with  dividing'  straight  lines. 

Though  arches  of  a  circle  are  the  most  natural 
measures  of  an  angle,  yet  in  many  cases  right  lines 
are  substituted,  as  being  more  convenient ;  for  the 
comparison  of  one  right  line  with  another,  is  more 
natural  and  easy,  than  the  comparison  of  a  right 
line  with  a  curve  ;  hence  it  is  usual  to  measure  the 
quantities  of  angles  not  by  the  arch  itself,  which  is 
described  on  the  angular  point,  but  by  certain  lines 
described  about  that  arch. 

The  lines  laid  down  on  the  plain  scales  for  the 
measuring  of  angles,  or  the  protracting  scales,  are, 
1.  A  line  of  chords  marked  cho.  2.  A  line  of  siries 
marked  sin-  of  tangents  marked  tan.  of  semitan- 
gents  marked  st.  and  of  secants  marked  sec.  this 
last  is  often  upon  the  same  line  as  the  sines,  be- 
cause its  gradations  do  not  begin  till  the  sines  end. 

There  are  two  other  scales,  namely,  the  rhumbs^ 
marked  ru.  and  longitudes,  marked  lon.  Scales  of 
latitude  and  hours  are  sometimes  put  upon  the 
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plain  scale  ;  but,  as  dialling  is  now  but  seldom 
studied,  they  are  only  made  to  order. 

The  divisions  used  for  measuring  straight  lines 
are  called  scales  of  equal  partSy  and  are  of  various 
lengths  for  the  convenience  of  delineating  any  fi- 
gure of  a  large  or  smaller  size,  according  to  the 
fancy  or  purposes  of  the  draughts-man.  They  are, 
indeed,  nothing  more  than  a  measure  in  miniature 
for  laying  down  upon  paper,  &c.  any  known  mea- 
sure, as  chains,  yards,  feet,  &c.  each  paii  on  the 
scale  answering  to  one  foot,  one  yard,  &;c.  and  the 
plan  will  be  larger  or  smaller,  as  the  scale  contains 
a  smaller  or  a  greater  number  of  parts  in  an  inch. 
Hence  a  variety  of  scales  is  useful  to  lay  down 
lines  of  any  requiied  length,  and  of  a  convenient 
proportion  with  respect  to  the  size  of  the  drawing. 
If  none  of  the  scales  happen  to  suit  the  purpose, 
recourse  should  be  had  to  the  line  of  lines  on  the 
sector  ;  for,  by  the  different  openings  of  that  in- 
strument, a  line  of  any  length  may  be  divided 
into  as  many  equal  pans  as  any  person  chooses. 

Scales  of  equal  parts  are  divided  into  two  kinds, 
the  one  simple,  the  other  diagonally  divided. 

Six  of  the  simply  divided  scales  are  generally 
placed  one  above  another  upon  the  same  rule  ; 
they  are  divided  into  as  many  equal  parts  as  the 
length  of  the  rule  will  admit  of;  the  numbers 
placed  on  the  right  hand,  shew  how  many  parts  in 
an  inch  each  scale  is  divided  into.  The  upper 
scale  is  sometimes  shortened  for  the  sake  of  intro- 
ducing another,  called  the  line  of  chords. 

The  first  of  the  larger,  or  primary  divisions,  on 
every  scale  is  subdivided  into  ]  0  equal  parts,  which 
small  parts  are  those  which  give  a  name  to  the  scale : 
liius  it  is  called  a  scale  of  20,  when  20  of  these  di- 
visions are  equal  to  one  inch.  If,  therefore,  these 
lesser  divisions  be  taken  as  units,  and  each  repre- 
sents one  league,  one  mile,  one  chain,  or  one  yard* 
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kc,  then  \Vill  the  larger  divisions  be  so  many  tens , 
but  if  the  subdivisions  are  supposed  to  be  tens,  the 
larger  divisions  will  be  hundreds. 

To  illustrate  this,  suppose  it  were  required  to 
set  off  from  either  of  the  scales  of  equal  parts  —,  36, 
or  360  parts,  either  miles  or  leagues.  Set  one  foot 
of  your  compasses  on  3,  among  the  larger  or  pri- 
mary divisions,  and  open  the  other  point  till  it 
falls  on  the  6th  subdivision,  reckoning  bactAvards 
or  towards  the  left  hand.  Then  will  this  extent 
represent,  f^  36,  or  360  miles  or  leagues,  &c.  and 
bear  the  same  proportion  in  the  plan  as  the  line 
measured  does  to  the  thing  represented. 

To  adapt  these  scales  to  feet  and  inches,  the 
first  primary  division  is  often  duodecimally  divided 
by  an  upper  line  ;  therefore,  to  lay  down  any  num-^ 
ber  of  feet  and  inches,  as  for  instance,  ei2;ht  feet 
eight  inches,  extend  the  compasses  from  eight  of 
the  larger  to  eight  of  the  upper  small  ones>  and 
that  distance  laid  down  on  the  plan  will  repre- 
sent eight  feet  eight  inches. 

Of  tlie  scale  of  equal  parts  diagonally  (Jivided. 
The  use  of  this  scale  is  the  same  as  those  already 
described.  But  by  it  a  plane  may  be  more  accu- 
rately divided  than  by  the  former;  for  anyone  of 
the  larger  divisions  may  by  this  be  subdi\^ded  into 
100  equal  parts  ;  and,  therefore,  if  the  scale  con- 
tains 10  of  the  larger  divisions,  any  number  under 
1000  may  be  laid  dow^n  with  accuracy. 

The  diagonal  scale  is  seldom  placed  on  the  same 
side  of  the  rule  w  ith  the  other  plotting  scale. 
The  first  division  of  the  diagonal  scale,  if  it  be  a 
foot  long,  is  generally  an  inch  divided  into  100 
equal  parts,  and  at  the  opposite  end  there  is  usu- 
ally half  an  inch  divided  into  an  100  equal  parts. 
If  the  scale  be  six  inches  long,  one  end  has  com- 
monly half  an  inch,  the  other  a  quarter  of  an  inch 
subdivided  into  100  equal  paits>  \ 
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The  nature  of  this  scale  will  be  better  under- 
stood by  considering  its  construction.  For  this 
purpose : 

First.  Draw  eleven  parallel  lines  at  equal  dis- 
tances ;  divide  the  upper  of  these  lines  into  such  a 
number  of  equal  pails,  as  the  scale  to  be  express- 
ed is  intended  to  contain ;  from  each  of  these  di- 
visions draw  perpendicular  lines  through  the 
eleven  parallels. 

Secondly.  Subdivide  the  first  of  these  divisions 
into  ten  equal  parts,  both  in  the  upper  and  lower 
lines. 

Thirdly.  Subdivide  again  each  of  these  subdivi- 
sions, by  drawing  diagonal  lines  from  the  10th  be- 
low to  the  9th  above ;  from  the  8th  below  to  the 
7th  above ;  and  so  on,  till  from  the  first  below  to  the 
0  above ;  by  these  lines  each  of  the  small  divisions 
is  divided  into  ten  parts,  and,  consequently,  the 
whole  first  space  into  100  equal  parts;  for, as  each 
of  the  subdivisions  is  one-tenth  pail  of  the  whole 
first  space  or  division,  so  each  parallel  above  it  is 
one-tenth  of  such  subdivision,  and,  consequently, 
one-hundreth  part  of  the  whole  first  space  :  and  if 
there  be  ten  of  the  larger  divisions,  one-thousandth 
part  of  the  whole  space. 

If,  therefore,  the  larger  divisions  be  accounted 
as  units,  the  first  subdivisions  will  be  tenth  parts  of 
an  unit,  and  the  second,  marked  by  the  diagonal 
upon  the  parallels,  hundreth  parts  of  the  unit. 
But,  if  we  suppose  the  larger  divisions  to  be  tens, 
the  first  subdivisions  will  be  units,  and  the  second 
tentlis.  If  the  larger  are  hundreds,  then  will  the 
first  be  tens,  and  the  second  units. 

The  numbers  therefore,  576,  57,6,  5,76,  are  all 
expressible  by  the  same  extent  of  the  compasses  : 
thus  setting  one  foot  in  the  number  five  of  the 
larger  divisions,  extend  the  other  along  the  sixth 
parallel  to  the  seventh  diagonal.    For,  if  the  five 
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larger  divisions  be  taken  for  500,  seven  of  the  first 
subdivisions  will  be  70,  which  upon  the  sixth  pa- 
rallel, taking  in  six  of  the  second  subdivisions  for 
units,  makes  the  whole  number  576.  Or,  if  the 
five  larger  divisions  be  taken  for  five  tens,  or  50, 
seven  of  the  fii^t  subdivisions  will  be  seven  units, 
and  the  six  second  subdivisions  upon  the  sixth  pa- 
rallel, will  be  six  tenths  of  an  unit.  Lastly,  if  the 
five  larger  divisions  be  only  esteemed  as  five  units^ 
then  will  the  seven  first  subdivisions  be  sevei> 
tenths,  and  the  six  second  subdivisions  be  the  six 
hundredth  parts  of  an  unit. 

Of  the  line  of  chords.  This  line  is  used  to  set 
off*  an  angle  from  a  given  point  in  any  right  line, 
or  to  measure  the  quantity  of  an  angle  already 
laid  down. 

Thus  to  draw  a  line  that  shall  make  with  ano- 
ther line  an  angle,  containing  a  given  number  of 
degrees,  suppose  40  degrees. 

Open  your  compasses  to  the  extent  of  60  degrees 
upon  the  line  of  chords,  (which  is  always  equal  to 
the  radius  of  the  circle  of  projection,)  and  setting 
one  foot  in  the  angular  point,  with  that  extent  de- 
scribe an  arch  ;  then  taking  the  extent  of  40  de- 
grees from  the  said  chord  line,  set  it  off  from  the 
given  line  on  the  arch  described;  a  right  line  drawn 
from  the  given  point,  through  the  point  marked 
upon  the  arch,  will  form  the  required  angle. 

The  degrees  contained  in  an  angle  already  laid 
down,  are  found  nearly  in  the  same  manner ;  for 
instance,  to  measure  an  angle.  From  the  centre 
describe  an  arch  with  the  chord  of  60  degrees,  and 
the  length  of  the  arch,  contained  between  the  lines 
measured  on  the  line  of  chords,  will  give  the  num^ 
ber  of  degrees  contained  in  the  angle. 

If  the  number  of  degrees  are  more  than  90, 
they  must  be  measured  upon  the  chords  at  twice : 
thus,  if  1 20  degrees  were  to  be  practised,60  m^y  be 
taken  from  the  chords,  and  those  degrees  be  laid  olf 
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twice  upon  the  arch.  Degrees  taken  from  the 
chords  are  always  to  be  counted  from  the  begin- 
ning of  the  scale. 

Of  the  rhumh  line.  This  is,  in  fact,  a  line  of 
chords  constructed  to  a  quadrant  divided  into 
eight  parts  or  points  of  the  compass,  in  order  to 
facilitate  the  work  of  the  navigator  in  laying 
down  a  ship's  course. 

Of  the  line  of  longitudes.  The  line  of  longitudes 
is  a  line  divided  into  sixty  unequal  parts,  and  so  ap- 
plied to  the  line  of  chords,  as  to  shew,  by  inspection, 
the  number  of  equatorial  miles  contained  in  a  de- 
gree on  any  parallel  of  latitude.  The  graduated 
line  of  chords  is  necessary,  in  order  to  shew  the 
latitudes ;  the  line  of  longitude  sheAvs  the  quantity 
of  a  dej^ree  on  each  parallel  in  sixtieth  parts  of  au 
equatorial  degree,  that  is,  miles. 

The  lines  of  tangents,  semitangents,  and  secants, 
serve  to  find  the  centres  and  poles  of  projected  cir- 
cles in  the  stereographical  projection  of  the  sphere. 

The  line  of  sines  is  principally  used  for  the  or- 
thographic projection  of  the  sphere. 

The  lines  of  latitudes  and  hours  are  used  con- 
jointly, and  serve  very  readily  to  mark  the  hour 
lines  in  the  construction  of  dials  ;  they  are  gene- 
rally on  the  most  complete  sorts  of  scales  and  sec- 
tors; for  the  uses  of  which  see  treatises  on  dialling. 

OF    THE    PR0TRACTOR, 

f 

This  is  an  instrument  used  to  protract,  or  lay 
down  an  angle  containing  any  number  of  degrees, 
or  to  find  how  many  degrees  are  contained  in  any 
given  angle.  There  are  two  kinds  put  into  cases 
of  mathematical  drawing  instruments  ;  one  in  the 
form  of  a  semicircle,  the  other  in  the  form  of  a  pa- 
rallelogram. The  circle  i^  undoubtedly  the  only 
natural  measure  of  angles  ;  when  a  straight  line  is 
therefore  used,  the  divisions  thereon  are  derivecj 
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from  a  circle,  or  its  properties,  and  the  straight  line 
is  made  use  of  for  some  relative  convenience  :  it 
is  thus  the  parallelogram  is  often  used  as  a  protrac- 
tor, instead  of  the  semicircle,  because  it  is  in  some 
cases  more  convenient,  and  that  other  scales,  &c. 
may  be  placed  upon  it. 

The  semicircular  protractor,  is  divided  into  180 
equal  parts  or  degrees,  which  are  numbered  at 
every  tenth  degree  each  way,  for  the  conveniency 
of  reckoning  either  from  the  right  towards  the  left, 
or  from  the  left  towards  the  right ;  or  the  more 
easily  to  lay  down  an  angle  from  either  end  of  the 
line,  beginning  at  each  end  with  10,  20,  &;c.  and 
proceeding  to  180  degrees.  The  edge  is  the  di- 
ameter of  the  semicircle,  and  the  mark  in  the  mid- 
dle points  out  the  centre,  in  ?i  protractor  in  the 
form  of  a  parallelogram  :  the  divisions  are  as  in  the 
semicircular  one,  numbered  both  ways  i  the  blank 
side  represents  the  diameter  of  a  circle.  The  side 
of  the  protractor  to  be  applied  to  the  paper  is  made 
ilat,  and  that  whereon  the  degrees  are  marked,  is 
<^hamfered  or  sloped  away  to  the  edge,  that  an 
angle  may  be  more  easily  measured,  and  the  di- 
visions  set  off  with  greater  exactness. 

Application  of  the  protractor  to  use,  I,  A  num- 
her  of  degrees  being  given,  to  protract,  or  lay  down 
an  angle,  whose  measure  shall  he  equal  thereto. 

Thus,  to  lay  down  an  angle  of  60  degrees  from 
the  point  of  a  line,  apply  the  diameter  of  the  pro- 
tractor to  the  line,  so  that  the  centre  thereof  may 
coincide  exactly  with  the  extremity  ;  then  with  a 
protracting  pin  make  a  fine  dot  against  60  upon  the 
limb  of  the  protractor  ;  now  remove  the  protrac- 
tor, and  draw  a  line  from  the  extremity  through 
that  point,  and  the  angle  contains  the  given  num- 
ber of  degrees. 

2.  To  find  the  number  of  degrees  contained  in  a 
given  an^le. 
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Place  the  centre  of  the  protractor  upon  the  an- 
gular point,  and  the  fiducial  edge,  or  diameter,  ex- 
actly upon  the  line  ;  then  the  degree  upon  the  limb 
that  is  cut  by  the  line  will  be  the  measure  of  the 
given  angle,which,  in  the  present  instance,  is  found 
to  be  60  degrees. 

3.  From  a  given  point  in  a  line,  to  erect  a  perpen- 
dicular to  that  line. 

Apply  the  protractor  to  the  line,  so  that  the  cen- 
tre may  coincide  with  the  given  point,  and  the  di- 
vision marked  90  may  be  cut  by  the  line  ;  then  a 
line  drawn  against  the  diameter  of  the  protractor 
will  be  the  perpendicular  required. 

OF   PARALLEL   RULES. 

Parallel  lines  occur  so  continually  in  every  spe- 
cies of  mathematical  drawing,  that  it  is  no  wonder 
so  many  instruments  have  been  contrived  to  deli- 
neate them  with  more  expedition  than  could  be 
effected  by  the  general  geometrical  methods.  For 
this  purpose,  rules  of  various  constructions  have 
been  made  ;  and  particularly  recommended  by 
their  inventors  ;  their  use  however  is  so  apparent 
as  to  need  no  explanation. 

gunter's  scale. 

The  scale  generally  used  is  a  ruler  of  two  feet 
in  length,  having  drawn  upon  it  equal  parts,  chords, 
sines,  tangents,  secants,  kc.  These  are  contained 
on  one  side  of  the  scale,  and  the  other  side  contains 
the  logarithms  of  these  numbers.  Mr.  Edmund 
Gunter  was  the  first  who  applied  the  logarithms  of 
numbers,  and  of  sines  and  tangents  to  straight  lines 
drawn  on  a  scale  or  ruler;  with  which, proportions 
in  common  numbers,  and  trigonometry,  may  be 
solved  by  the  application  of  a  pair  of  compasses 
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only.  The  method  is  founded  on  this  property. 
That  the  logarithms  of  the  terms  of  equal  ratios  are 
equidifferent  This  was  called  Gunter's  Propor- 
tion, and  Gunter's  Line  ;  hence  the  scale  is  gen- 
erally called  the  Gunter. 

Of  the  Logarithmical  Lines,  or  Gunter^s  Scale. 

The  logarithmical  lines,  on  Ohinter's  scale,  are 
the  eight  following : 

S^Rhumh,  or  fine  rhumbs,  is  a  line  containing 
the  logarithms  of  the  natural  sines  of  every  point 
and  quarter  point  of  the  compass,  numbered  from 
a  brass  pin  on  the  right  hand  towards  the  left  with 
8,7,6,5,4,3,2,1. 

T^Rhumb,  or  tangent  rhumbs,  also  corresponds 
to  the  logarithm  of  the  tangent  of  every  point  and 
quarter  point  of  the  compass.  This  line  is  num- 
bered from  near  the  middle  of  the  scale  with  1.  2. 
3.  4  towards  the  right  hand,  and  back  again  with 
the  numbers  5,  6,  7  from  the  right  hand  towards 
the  left.  To  take  off  any  number  of  points  below 
four,  we  must  begin  at  1,  and  count  towards  the 
right  hand  ;  but  to  take  off  any  number  of  points 
above  four,  we  must  begin  at  four,  and  count  to- 
wards the  left  hand. 

Numbers,  or  the  line  of  numbers,  is  numbered 
from  the  left  hand  of  the  scale  towards  the  right,, 
with  I,  2,  3,  4,  5,  6,  7,  8,  9,  1  which  stands  exactly 
in  the  middle  of  the  scale ;  the  numbers  then  go  on 
2,  3,  4,  5,  6,  7,  8,  9,  10  which  stands  at  the  right 
hand  end  of  the  scale.  These  two  equal  parts  oP 
the  scale  are  divided  equally,  the  distance  between 
ihe  first  or  left  hand  1,  and  the  first  2,  3,  4,  &c.  is 
exactly  equal  to  the  distance  between  the  middle 
1  and  the  numbers  2,  3,  4,  &c.  which  follow  lU 
The  subdivisions  of  these  scales  are  likewise  simi- 
lar, viz.  they  are  each  one-tenth  of  the  primary  di- 
visions, and  are  distinguished  by  lines  of  about 
half  the  length  of  the  primary  divisions. 
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These  subdivisions  are  again  divided  into  tert 
parts,  where  room  will  permit ;  and  where  that  is 
not  the  case,  the  units  must  be  estimated,  or  gues- 
sed at,  by  the  eye,  which  is  easily  done  by  a  little 
practice. 

The  primary  divsions  on  the  second  part  of  the 
scale,  are  estimated  according  to  the  value  set  upon 
the  unit  on  the  left  hand  of  the  scale  :  If  you  call 
it  one,  then  the  first  1,  2,  3,  &c.  stand  for  1,  2,  3, 
&c.  the  middle  1  is  10,  and  the  2.  3.  4.  &c.  follow- 
ing ^iand  for  20,  30, 40,  &c.  and  the  ten  at  the  right 
hand  is  100  :  If  the  first  1  stand  for  10,  the  first  2, 
3,  4,  &c.  must  be  counted  20,  30,  40,  kc,  the  mid- 
dle 1  will  be  100,  the  second  2,  3,  4,  5,  &c.  Avill 
stand  for  200,  300,  400,  500,  &c.  and  the  ten  at  the 
right  hand  for  1000. 

If  you  consider  the  first  1  as  ^  of  an  unit,  the  2^ 
3,  4,  &c.  following  will  be  ^g,--,  yz^  kc  the  middle 
1  will  stand  for  an  unit,  and  the  2,  3,  4,  kc.  follow- 
ing will  stand  for  2,  3,  4,  &:c.  also  the  division  at 
the  right-hand  end  of  the  scale  will  stand  for  10. 
The  intermediate  small  divisions  must  be  estimated 
according  to  the  value  set  upon  the  primary  ones. 

Sine.  The  line  of  sines  is  numbered  from  the 
left  hand  of  the  scale  towards  the  right,  1,2,  3,  4, 
5,  &c.  to  10 ;  then  20,  30,  40,  &c.  to  90,  where  it 
terminates  just  opposite  10  on  the  line  of  numbers. 

Versed  sine.  This  line  is  placed  immediately 
under  the  line  of  sines,  and  numbered  in  a  contrary 
dkection,  viz.  from  the  right  hand  towards  the  left 
10,  20,30, 40,  50,  to  about  169 ;  the  small  divisions 
are  here  to  be  estimated  according  to  the  number  of 
them  to  a  degree.  By  comparing  the  line  of  versed 
sines  with  the  line  of  sines,  it  will  appear  that 
the  versed  sines  do  not  belong  to  the  arches  with 
which  they  are  marked,  but  are  the  half  versed  sines 
of  their  supplements.  Thus,  what  is  marked  the 
versed  sine  of  90  is  only  half  the  versed  sine  of  90, 
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the  versed  sine  of  120°  is  half  the  versed  sine  of 
60%  and  the  versed  sine  i:narked  lOO'is  half  the 
versed  sine  of  80%  &:c. 

The  versed  sines  are  numbered  in  this  manner 
to  render  them  more  commodious  in  the  solution 
of  trigonometrical,  and  astronomical  problems. 

Tangents,  The  line  of  tangents  begins  at  the 
left  hand,  and  is  numbered  1,  2,  3,  kc.  to  10,  then 
20,  30, 45,  where  there  is  a  little  brass  pin  just  un- 
der 90  in  the  line  of  sines ;  because  the  sine  of  OC" 
is  equal  to  the  tangent  of  45".  It  is  numbered 
from  45"  towards  the  left  hand  50,  60,  70,  80,  &c. 
The  tangents  of  arches  above  45"  are  therefore 
counted  backward  on  the  line,  and  are  found  at  the 
same  points  of  the  line  as  the  tangents  of  their 
complements. 

Thus,  the  division  at  40  represents  both  40  and 
50,  the  division  at  30  serves  for  30  and  60,  &;c. 

Meridional  Parts.  This  line  stands  immediate- 
ly above  a  line  of  equal  parts,  marked  Equal  Pt, 
with  which  it  must  always  be  compared  when  used. 
The  line  of  equal  parts  is  marked  from  the  right 
hand  to  the  left  with  0,  10,  20,  30,  &c. ;  each  of 
these  large  divisions  represents  10  degrees  of  the 
equator,  or  600  miles.  The  first  of  these  divisions 
is  sometimes  divided  into  40  equal  parts,  each  re- 
presenting 15'  minutes  or  miles. 

The  extent  from  the  brass  pin  on  the  scale  of 
meridional  parts  to  any  division  on  that  scale,  ap- 
plied to  the  line  of  equal  parts,  will  give  (in  de- 
grees) the  meridional  parts  answering  to  the  lati- 
tude of  that  division.  Or  the  extent  from  any  di- 
vision  to  another,  on  the  line  of  meridional  parts, 
applied  to  the  line  of  equal  parts,  will  give  the 
meridional  difference  of  latitude  between  the  two 
places  denoted  by  the  divisions,  lliese  degrees 
are  reduced  to  leagues  by  m.ultiplying  by  20,  ov 
to  miles  by  multiplviiig  by  60, 

O 
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The  use  of  ike  logarithmicallines  on  Guniers  Scale^ 
By  these  lines  and  a  pair  of  compasses,  all  the 
problems  of  Trigonometry,  kc  may  be  solved. 

These  problems  are  all  solved  by  proportion  > 
Now  in  natural  numbers,  the  quotient  of  the  first 
term  by  the  second  is  equal  to  the  quotient  of  the 
tliird  by  the  fourth :  therefore  logarithmically 
speaking  the  difference  between  the  first  and  se- 
cond term  is  equal  to  the  difference  between  the 
third  and  fourth,  consequently  on  the  lines  on  the 
scale,  the  distance  between  the  first  and  second 
term  will  be  equal  to  the  distance  between  the 
Ihird  and  fourth.  And  for  a  similar  reason,  be- 
cause four  proportional  quantities  are  alternately 
proportional,  the  distance  between  the  first  and 
third  terms,  will  be  equal  to  the  distance  between 
tbe  second  and  fourth.     Hence  the  following 

General  Rule. 

The  extent  of  the  compasses  from  the  first 
lerm  to  the  second,  will  reach,  in  this  same  di- 
rection, from  the  third  to  the  fourth  term.  Or, 
the  extent  of  the  compasses  from  the  first  term  to 
the  third,  will  reach,  in  the  same  direction,  from 
the  second  to  the  fourth. 

By  the  same  direction  in  the  foregoing  rule,  is 
meant  that  if  the  second  term  lie  on  the  right 
hand  of  the  first,  the  fourth  will  lie  on  the  right 
hand  of  the  third,  and  the  contrary.  This  is  truCj 
except  the  two  first  or  two  last  terms  of  the  pro- 
portion are  on  the  line  of  tangents,  and  neither  of 
them  under  45° ;  in  this  case  the  extent  on  the 
tangents  is  to  be  made  in  a  contrary  direction : 
For  had  the  tangents  above  45**  been  laid  down  in 
their  proper  direction,  they  would  have  extended 
l^eyond  the  length  of  the  scale  towards  the  right 
hand ;  they  are  therefore  as  it  were  folded  back  up- 
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on  the  tangents  below  45%  and  consequently  lie  in 
a  direction  contrary  to  their  proper  and  natural 
jorder. 

If  the  two  last  terms  of  a  proportion  be  on  the 
line  of  tangents,  and  one  of  them  greater  and  the 
other  less  than  45°;  the  extent  from  the  first  term 
to  the  second  will  reach  from  the  third  beyond  the 
scale.  To  remedy  this  inconvenience,  apply  the 
extent  between  the  two  first  terms  from  45°  back- 
ward upon  the  line  of  tangents,  and  keep  the  left 
hand  point  of  the  compasses  where  it  falls  ;  bring 
the  right  hand  peint  from  45°  to  the  third  term  of 
the  proportion  ;  this  extent  now  in  the  compasses 
applied  from  45"*  backward  will  reach  to  the  fourth 
term,  or  the  tangent  required.  For,  had  the  line 
of  tangents  been  continued  forward  beyond  45°, 
the  divisions  would  have  fallen  above  45°  forward; 
in  the  same  manner  as  they  fall  under  45°  back- 
ward. 


SECTION  V. 

TRIGONOMETRY. 

The  word  Trigonometry  signifies  the  measuring 
cf  triangles.  But,  under  this  name  is  generally 
comprehended  the  art  of  determining  the  positions 
and  dimensions  of  the  several  unknown  parts  of 
extension,  by  means  of  some  parts,  which  are  al- 
ready known.  If  we  conceive  the  different  points, 
which  may  be  represented  in  any  space,  to  be 
joined  together  by  right  lines,  there  are  three  things 
offered  for  our  consideration ;  1.  the  length  of 
these  lines ;  2.  the  angles  which  they  form  with  one 
another  ;  3.  the  angles  formed  by  the  planes,  in 
which  these  lines  are  drawn,  or  are  supposed  to  be 
traced.  On  the  comparison  of  these  three  objects^ 
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depends  the  solution  of  all  questions,  tliat  can  be 
proposed  concerning  the  measure  of  extension, 
and  its  parts ;  and  the  art  of  determining  all  these 
things  from  the  knowledge  of  some  of  them,  is 
reduced  to  the  solution  of  these  two  general 
questions. 

1.  Knowing  three  of  the  six  parts,  the  sides  and 
angles — which  constitute  a  rectilineal  triangle ;  to 
find  the  other  three. 

2.  Knowing  three  of  the  six  parts,  which  com- 
pose a  spherical  triangle;  that  is  a  triangle  formed 
on  the  surface  of  a  sphere  by  three  arches  of  cir- 
cles, which  have  their  centre  in  the  centre  of  the 
same  sphere — to  find  the  other  three. 

The  first  question  is  the  object  of  wiiat  is  called 
Plane  Trigonometry,  because  the  six  parts,  con- 
sidered here,  are  in  the  same  plane :  it  is  also  de- 
nominated Rectilineal  Trigonometry.  The  second 
question  belongs  to  Spherical  Trigonometry, 
wherein  the  six  parts  are  considered  in  different 
planes.  But  the  only  object  here  is  to  explain 
the  solutions  of  the  former  question  :  viz. 

Plane  Trigonometry. 

Plane  Trigonometry  is  that  branch  of  geometry, 
which  teaches  how  to  determine,  or  calculate  three 
of  the  six  parts  of  a  rectilineal  triangle  by  having 
the  other  three  parts  given  or  knoAvn.  It  is  usually 
divided  into  Right  angled  and  Oblique  angled  Tri- 
gonometry, according  as  it  is  applied  to  the  men- 
suration of  Right  or  Oblique  angled  Triangles. 

In  every  triangle,  or  case  in  trigonometry,  three 
of  the  parts  must  be  given,  and  one  of  these  parts, 
at  least,  must  be  a  side  ;  because,  witli  the  same 
angles,  the  sides  may  be  greater  or  less  in  anv 
proportion.  ^ 
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Right  Angled  Plane  Trigonometry. 

Pl.5.  Fig.  1. 

1.  In  every  right-angled  plane  triangle  ^SC,  if 
the  hypothenuse  jiChe  made  the  radius,  and  with 
it  a  circle,  or  an  arc  of  one,  be  described  from 
each  end;  it  is  plain  (from  def.  20.)  that  EC  is 
the  sine  of  the  angle  A,  and  AB  is  the  sine  of  the 
angle  Cy  that  is,  the  legs  are  the  sines  of  their  op- 
posite angles. 

Fig.  2. 

If  one  leg  AB  be  made  the  radius,  and  witli  if, 
on  the  point  A,  an  arc  be  described  ;  then  BC  is 
the  tangent,  and  AC  is  the  secant  of  the  angle  A, 
by  def.  22  and  25. 

J'ig.  3. 

3.  If  BC  be  made  the  radius,  and  an  arc  be  des- 
cribed with  it  on  the  point  C ;  then  is  AB  the  tan- 
gent,andu4Cis  the  secant  of  the  angle  C,  as  before. 

Because  the  sine,  tangent,  or  secant  of  any  giv- 
en arc,  in  one  circle,  is  to  the  sine,  tangent,  or  se- 
cant of  a  like  arc  (or  to  one  of  the  like  number  of 
degrees)  in  another  circle ;  as  the  radius  of  the  one 
is  to  the  radius  of  the  other  ;  therefore  the  sine, 
tangent,  or  secant  of  any  arc  is  proportional  to  the 
sine,  tangent,  or  secant  of  a  like  arc,  as  the  radius 
of  the  given  arc  is  to  10.000000,  the  radius  from 
whence  the  logarithmic  sines,  tangents,  and  se- 
cants, in  most  tables,  are  calculated,  that  is  ; 

If  ^Cbe  made  the  radius,  the  sines  of  the  an- 
gle A  and  C,  described  by  the  radius  AC,  wall  be 
proportional  to  the  sines  of  the  like  arcs,  or  angles 
in  the  circle,  that  the  tables  now  mentioned  were 
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calculated  for.  So  if  JBCwas  required,  having  the 
angles  and  AB  given,  it  will  be, 

AsS.C   AB:  :  S.A'BC. 

That  is,  as  the  sine  of  the  angle  Cin  the  tables, 
is  to  the  length  of  AB  ;  (or  sine  of  the  angle  C, 
in  a  circle  whose  radius  is  AC ;J  so  is  the  sine  of 
the  angle  A  in  the  tables,  to  the  length  of  jBC.  (or 
sine  of  the  same  angle,  in  the  circle,  whose  radius 
is^C.) 

In  like  manner  the  tangents  and  secants  repre- 
gented  by  making  either  leg  the  radius,  will  be 
proportional  to  the  tangents  and  secants  of  a  like 
arc,  as  the  radius  of  the  given  arc  is  to  10.000000, 
the  radius  of  the  tables  aforesaid. 

Hence  it  is  plain,  that  if  the  name  of  each  side 
of  the  triangle  be  placed  thereon,  a  proportion 
w^ill  arise  to  answer  the  same  end  as  before  :  thus 
if  AC  be  mide  the  radius,  let  the  word  radius 
be  written  thereon  ;  and  as  BC  and  AB,  are  the 
&ines  of  their  opposite  angles ;  upon  the  first  let 
S.A,  or  sine  of  the  angle  A,  and  on  the  other  lety 
S.C,  or  sine  of  the  angle  C,  be  written.     Then, 

When  a  side  is  required,  it  may  be  obtained  by 
this  proportion,  viz. 

As  the  name  of  the  side  given 
is  to  the  side  given. 

So  is  the  name  of  the  side  required 
to  the  side  required. 

Thus,  if  the  angles  A  and  C,  and  the  hypo- 
Ihenuse  u4C  were  given,  to  find  the  sides ;  the  pro- 
portion  will  be 

I-  M:AC''  S.A'  BC. 
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That  is,  as  radius  is  to  AC,  so  is  the  sine  of  the 
angle  A,  to  BC\    And, 

2.  B  •  AC  •  •  S,C '  AB. 

That  is,  as  radius  is  to  AC,  so  is  the  sine  of  the 
angle  C  to  AB. 

When  an  angle  is  required,  we  use  this  proper- 
tion,  viz. 

As  the  side  that  is  made  the  radius^ 
is  to  radius. 
So  is  the  other  given  side, 
to  its  name. 

Thus,  if  the  legs  were  given  to  find  the  angle  Aj,^ 
and  if  AB  be  made  the  radius,  it  will  be 
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AB:R'  :BC:  TA. 

That  is,  as  AB,  is  to  radius,  so  is  BC,  to  the  tan- 
gent of  the  angle  A, 

After  the  same  manner,  the  sides  or  angles  of 
all  right  angled  plane  triangles  may  be  found,  from 
their  proper  data. 

We  here,  in  plate  4,  give  all  the  proportion 
requisite  for  the  solution  of  the  six  cases  in  right-- 
angled trigonometry ;  making  every  side  possible 
the  radius. 

In  the  following  triangles  this  mark  —  in  an 
angle  denotes  it  to  be  known,  or  the  quantity  of 
degrees  it  contains  to  be  given ;  and  this  mark' 
on  a  side,  denotes  its  length  to  be  given  in  feet, 
yards,  perches,  or  miles,  &c.  and  this  mark°,  either 
in  an  angle  or  on  a  side,  denotes  the  angle  or  side 
to  be  required. 

From  these  proportions  it  may  be  observed ; 
that  to  find  a  side,  when  the  angles  and  one  side 
are  given,  any  side  may  be  made  the  radius  ;  and 
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to  find  an  angle,  one  of  the  2;iven  sicjes  must  be 
made  the  radius.  So  that  in  the  1st,  2d,  and 
:3d  cases,  any  side  as  well  required  as  given  may 
be  made  the  radius,  and  in  the  first  statings  of 
the  4th,  5th,  and  6th  cases,  a  given  side  only  is 
made  the  radius. 

RIGHT  ANGLED  TRIANGLES. 

CASE  I. 

Jlie  angles  and  hyfiothenuse  given,  to  find  the  base  and  fier- 
jiendicular. 

Pl,  5.    Fig.  4. 

In  the  right  angled  triangle  ABC,  suppose  the 
angle  A  =  46^  30'.  and  consequently  the  angle  C 
=  43".  30' .  (by  cor.  2.  theo.  5.)  ;  and  AC  250  parts, 
^as  feet,  yards,  miles,  &c.)  required  the  sides  AB 
and  BC. 

1st.    BY  CO^'STRLCTIOX. 

IMake  an  angle  of  46".  30',  in  blank  lines,  (by 
prob.  16.  geomi)  as  CAB  ;  lay  250,  which  is  the 
given  hypothenuse,  from  a  scale  of  equal  parts, 
from  A  to  C ;  from  C,  let  fall  the  perpendicular 
{BC,  by  prob.  7.  geom.)  and  that  will  constitute 
the  triangle  ABC,  Measure  the  lines  BC,  and 
AB,  from  the  same  scale  of  equal  parts  that  AC 
>vas  taken  from  ;  and  you  have  the  answer. 

2d.    BY  CALCULATION. 

1.  Making  AC  the  radius,  the  required  sides  are 
found  by  these  propositions,  as  in  plate  4,  case  1. 

R:  AC'-  S,A'BC, 

B  :  AC  •  •  S,C :  AB. 
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las 


That  is,  as  radius,  =90^ 

is  to  AC  =250o 

^     So  is  the  sine  of  A=  46^  30' 


to  jBC, 


=181.     4 


As  radius,  =90° 

is  to  AC,  =250 

So  is  the  sine  of  0=43^  30' 


to.4B, 


=172.  1 


10.000000 
2.397940 
9.860562 

2.258502 

10.000000 
2.397940 
9.837812 

2.235752 


If  from  the  sum  of  the  second  and  third  logs, 
that  of  the  first  be  taken,  the  number  will  be  the 
log.  of  the  fourth ;  the  number  answering  to  which 
will  be  the  thing  required ;  but  when  the  first  log. 
is  radius,  or  10.000000,  reject  the  first  figure  of  the 
sum  of  the  other  two  logs,  (which  is  the  same  thing 
as  to  subtract  10.000000  ;)  and  that  will  be  the 
log.  of  the  thing  required. 


2.  Making  AB  the  radius. 


Secant  A  :  AC : :  R  :  AB. 
Secant  A  :  AC : :  T.A  :  BC 


That  is,  As  the  secant  of  ^=46^  30'     10.162188 

isto^C,  =250  2.397940 

So  is  the  radius  =90«  10.000000 


12.397940 


1o  AB. 


=  172,  I      2.235762 
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As  the  secant  of  A 

is  to  AC, 
So  is  the  tangent  of  A 

=46°  30' 
=      250 
=  46°  30' 

=  181.34. 

'C  the  radius. 

BBC. 
T.C:  AB. 

(7=43°  30' 
=      250 
=        90° 

=  181.34 
=  43°  30' 
=       250 
=43^  30' 

10.162188 

2.397940 

10.02^50 

12.420690 

to    BCy 

3.  Making  B 

Sec,C:AC:: 
Sec.C:AC:: 
hat  is,  as  the  secant  of 
is  to  AC, 
So  is  radius 

2.258502 

10.139438 

2.397940 

10.000000 

12.397940 

tojBC, 

As  the  secant  of  C 

is  to  AC, 
So  is  the  tangent  of  C 

2.258502 

10.139438 

2.397940 

9.977250 

12.375190 

to  AB,  =  172.  1         2.235752 

Or,  having  found  one  side,  the  other  may  be  ob- 
tained by  cor.  2.  theo.  14.  sect.  4. 

3d.  Bi/  Gunter^s  scale. 

The  first  and  third  terms  in  the  foregoing  pro- 
portions, being  of  a  like  nature,  and  those  of  the 
second  and  fourth  being  also  like  to  each  other ; 
and  the  proportions  being  direct  ones,  it  follows ; 
that  if  the  third  term  be  greater  or  less  than  the 
first,  the  fourth  term  will  be  also  greater  or  less 
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Ihan  the  second ;  therefore  the  extent  in  your 
compasses,  from  the  first  to  the  thud  term>  will 
reach  from  the  second  to  the  fourth. 

Thus,  to  extend  the  first  of  the  foregoing  pro- 
portions ; 

1.  Extend  from  90Mo  46°  30',  on  the  line  of 
sines ;  that  distance  will  reach  from  250  on  the 
line  of  numbers,  to  181,  for  BC. 

2.  Extend  from  90^  to  43°  30',  on  the  line  of 
sines  ;  that  distance  will  reach  from  250  on  the 
line  of  numbers,  to  172,  for  AB. 

If  the  first  extent  be  from  a  greater  to  a  less 
number  ;  when  you  apply  one  point  of  the  com- 
passes to  the  second  term,  the  other  must  be  turn- 
ed to  a  less ;  and  the  contrary. 

By  def.  20.  sect.  4.  The  sine  of  90°  is  equal  to 
the  radius  ;  and  the  tangent  of  45°  is  also  equal 
to  the  radius ;  because  if  one  ansjle  of  a  right 
angled  triangle  be  45°,  the  other  will  be  also  45° ; 
and  thence  (by  the  lemma  preceding  theo.  7. 
sect.  4.)  the  tangent  of  45°  is  equal  to  the  radius  : 
for  this  reason  the  line  of  numbers  of  10.000000, 
the  sine  of  90°,  and  tangent  of  45°  being  all  equal, 
terminate  at  the  same  end  of  the  scale. 

The  two  first  statings  of  this  case,  answers  the 
question  without  a  secant :  the  like  will  be  also 
made  evident  in  all  the  following  cases. 

4th.  Solution  hy  Natural  Sines. 
From  the  foregoing  analogies,  or  statements,  it 
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is  obvious  that  if  the  hypothenuse  be  multiplied 
by  the  natural  sine  of  either  of  the  acute  angles, 
the  product  will  be  the  length  of  the  side  opposite 
to  that  angle  ;  and  multiplied  by  the  natural  co- 
sine of  the  same  angle,  the  product  will  be  the 
length  of  the  other  side,  or  that  which  is  conti- 
guous to  the  angle.     Thus  : 

the  given  ang.^^d?**  30'. 

Nat.  Sine  =.725374  Nat.  Cos.  =.688355 

Hyp.=        250  250 

36268700  34417750 

1450748  1376710 


Perpend.=181.343500  Base=  172.088750 

CASE  IL 

The  base  and  angles  given  ;  to  find  the  fierfiendicular  and  hy* 
■   fiothenuse, 

Pl.  5.  fig.  5. 


In  the  triangle  ABC  there  is  the  angle  A  42<* 
2(/,  and  of  course  the  angle  C  ^T  40'  (by  cor.  2. 
theo.  5,)  and  the  side  AB  190,  given;  to  findSC 
and  AC 

1st.  By  Construction. 

Make  the  angle  CAB  (by  prob.  16.  sect.  4.)  in 
blank  lines,  as  before.  From  a  scale  of  equal  parts 
lay  190  from  A  to  B  :  on  the  point  B,  erect  a  per- 
pendicular BC  (by  prob.  5.  sect.  4.)  the  point 
where  this  cuts  the  other  blank  line  of  the  angle, 
will  be  C :  so  is  the  triangle  ABC  constructed  ; 
let  ^Cand  BChe  measured  from  the  same  scale 
of  equal  parts  that  AB  was  taken  from,  and  the 
answers  are  found. 
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2d.  By  Calculation. 
1.  Making  AC  the  radius. 

S.C:AB::R:AC. 

S.C :  AB  : :  S.A  :  BC. 

That  is,  as  the  sine  of  C      =47°  40' 

isto^^,  =       190 

So  is  radius  =        90<* 


109*- 


to^C 


257 


As  the  sine  of  C      =47M0' 

isto^^,  =       190 

So  is  the  sine  of  A  =42°  20' 


toise. 


173.  1 


9.868785 

2.278754 

10.000000 

12.278754 

2.409969 

9.868785 
2.278754 
9.828301 

12.107055 

2.238270 


2.  Making  AB  the  radius, 

R  :  AB  ::  T.A  :  BC. 
B:AB::8ec.A:Aa 

That  13,  as  radius                  =       90°  10.000000 

is  to  AB,              =       190  2.278754 

So  is  the  tangent  of  ^=42°  20'  9.959516 

to  jBC,           =173.  1  2.238270 

As  radius                  =90  10.000000 

is  to  ^5,                =190  2.278754 

So  is  the  secant  of  ^=42°  20'  10.131215 


to^C, 


^       257 


2409969 
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3.  Making]:  BC  the  radius. 


T.C.  AB  ::Sec.C:Aa 
T,  C :  AB  : :  B  :  BC. 
That  is,  as  the  tangent  of  C=47«  40' 
is  to  ^5,  =      190 

So  is  the  Secant  of  C=47'^  40' 


to^C,  =  257 

As  the  tangent  of  0=47°  40 

isto^JB,  =   190 

So  is  the  radius        =90** 


to  BC      =     173.  1 


10.040484 

2.278754 

10.171699 

12.450453 

2.409969 
10.040484 

2.278754 
10.000000 

12.278754 

2.238270 


Or,  having  found  one  of  the  required  sides,  the 
ether  may  be  obtained,  by  one,  or  the  other  of  the 
cors.  to  theo.  14.  sect.  4. 

3^?.  jBy  Gunter^s  Scale, 

I,  When  AC  is  made  the  radius. 

Extend  from  47°  40',  to  90°  on  the  line  of  sines ; 
that  distance  will  reach  from  190  to  257,  on  the 
line  of  numbers,  for  AC, 

2.  When  AB  k  made  the  radius,  the  first  stating 
is  thus  performed  : 

Extend  from  45°  on  the  tangents  (for  the  tan- 
gent of  45°  is  equal  to  the  radius,  or  to  the  sine  of 
90^  as  before)  to  42°  20' ;  that  extent  will  reach 
from  190,  on  the  line  of  numbers,  to  173,  for  BC, 
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3.  When  BCis  made  the  radius,  the  second  stat- 
ing is  thus  performed : 

Extend  from  47°  40'  on  the  line  of  tangents,  to 
45°,  or  radius  ;  that  extent  will  reach  from  190 1© 
173,  on  the  line  of  numbers,  for  BC;  for  the  tan- 
gent of  47°  40',  is  more  than  the  radius,  therefore 
the  fourth  number  must  be  less  than  the  second, 
as  before. 

The  two  first  statings  of  this  case,  answer  th« 
question  without  a  secant. 

4f/i.  Solution  by  Natural  Sines. 

ABxE,  ABx^oiA 

==  AC;  and =  BC 

Sof  a  Sof  a 

Nat.  S  of  C,  side  ABxR, 
Thus  .739239)  190.000000  (257,02  SCc.= AC, 
147.8478 


4215220 
3696195 

5190250 
5174673 

1557700 
1478478 

and, 
.673443=  Nat.  S,  of  A, 
190=  side  AB, 


60609870 
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Nat.  S,  of  a  673443 


.739239)  127.954170  (173.09=BC. 
739239 


5403027 
5174673 


2283540 
2217717 

6502300 
6653151 


CASE  III 


The  angles  a7id  Jier/iendicular  given ;    to  Jind  the  base  and 
hyfiothenu§e. 

PL.  S.Jig.  6. 

In  the  triangle  ABC,  there  is  the  angle  A  40% 
and  consequently  the  angle  C  50%  with  BC  170, 
given  :  to  find  AC  and  AB, 

I  St.  By  Construction. 

Make  an  angle  CAB  of  40**  in  blank  lines ;  (by 
prob.  16.  sect.  4.)  with  J5G 170,  from  a  line  of  equal 
parts  draw  the  lines  ^i^ parallel  to  AB  (by  prob. 
3.  sect.  4.)  the  lower  line  of  the  angle,  and  from 
the  point  where  it  cuts  the  other  line  in  C,  let 
fall  a  perpendicular  BC  (by  prob.  7.  sect  4.)  and 
the  triangle  is  constructed  :  the  measures  of  AC 
and  AB,  from  the  same  scale  that  BC  was  taken, 
will  answer  the  question. 
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What  has  been  said  in  the  two  foregoing  cases, 
is  suflficient  to  render  the  operations  in  this,  both 
by  calculation,  Gunter's  scale,  and  Natural  sines, 
&o  obvious,  that  it  is  needless  to  insert  them  ;  how- 
ever, for  the  sake  of  the  learner,  we  give  for 

Answers  ;  AC  264.  5,  and  AB  202.  6. 

CASE  IK 

Thtt  base  and  hyfiotkenuse  given  ;  to  fmd  the  angles  and  per- 
pendicular. 

Pl.  5.  Jig,  7. 

In  the  triangle  ABC,  there  is  given,  AB  300 
and  AC  500  :  the  angles  A  and  C,  and  the  per- 
pendicular BC,  ai-e  required. 


\st.  By  Construction, 

From  a  scale  of  equal  parts  lay  300  from  A  to 
B  ;  on  B  erect  an  indefinite  blank  perpendicular 
line,  with  AC  500,  from  the  same  scale,  and  one 
foot  of  the  compass,  in^,  cross  the  perpendicular 
line  in  C  y  and  the  triangle  is  constructed. 

By  prob.  17,  sect.  4.  measure  the  angle  A,  and 
let  BC  be  measured  from  the  same  scale  of  equal 
parts  that  ^Cand  AB  were  taken  from  ;  and  the 
'answers  are  obtained.    '     . 


2d,  By  Calculation, 

1.  Making  AC  the  radhty^ 

AC  :  E  :  :  AB  :  S.C. 
R:  AC::  8,  A,:  BO. 
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That  is,  as  ^C  =  500  2.6989T(? 

is  to  radius,         =  90"  10.000000 

HokAB  =  300  2.477121 

12.477121 

to  the  sine  of  C;=36«  52'        9.778151 

Ry  cor.  2.  theo.  5.90^—36^52^  =  53'>08'  the 

angle  A. 

As  radius         =         90?  10.000000 

isto^C,       =         500  2.69897D 

So  is  the  sine  of  .4  =  53*^08  9.90310a 

to  BC,  =  400  2.60207a 

2.  Making  AB  the  radius  * 

IB:  E::  AC.&ec.A. 
R. :  AB :    T.A  :  BC. 


That  is,  as  ^-B        = 
is  to  radius         = 
So  is  AC        = 


300 
90^^ 
500 


2477121 

10.000000 

2.698970 

12.698970 


to  the  secant  of  v4,=  53".  08^       10.221849 


As  radius  ==  90° 

is  to  AB,  =  300 

So  is  the  tano;ent  of  ^=53'.  08' 


to  BC, 


400 


10.000000 

2.477121 

10.124990 

2.602111 


Or  BC  may  be  found  from  cor.  2.  theo.  14. 
sect.  4. 


v^ 
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3(1,  By  Gtmter's  Scale. 

I.  Making  AC  ihe  radius. 

Extend  from  500  to  300,  on  the  line  of  numbers ; 
ihat  extent  will  reach  from  90**,  on  the  line  of  sines, 
to  36«.  52'  for  the  angle  C. 

Again,  extend  from  90"^  to  53°.  08',  on  the  line 
of  sines,  that  extent  will  reach  from  500  to  400^ 
on  the  line  of  numbers,  for  jBC. 

2.  Making  -^Cthe  radius,  the  second  stating  is 
thus  performed.  . 

Extend  from  radius,  or  the  tangent  of  45^  to 
53^  08',  that  extent  will  reach  from  300  to  400, 
for  BC. 

4th.  Solution  by  Natural  Sines, 

R^AB,  AC'xSofA. 

^ =  So{Cj  and =  BC. 

AC  R 

Thus,  AC    AB 

5,00)  300.0000,00 


.  .600000  =Nat.  sine  36°  52' 
and. 


Nat.  sin§  of  ^  =  53^  8'  =  .800034 
AC  =  500 


400.01 7000  =;i?( 
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CASE  r. 


The  jxerfitndicular  and  hyfiothenuse  givent  tojind  the  ani^lesand 

base. 


,  In  the  triangle  ABC  there  is  BC  306,  and  AC 
370  given;  to  find  the  angles  A  and  C ;  and  the 
base  AB, 


1st.  By  Construction, 

Draw  a  blank  line  from  any  point,  in  which,  at 
B,  erect  a  perpendicular,  on  which  lay  BC  306, 
from  a  scale  of  equal  parts  :  from  the  same  scale, 
with  AC  370,  in  the  compasses,  cross  the  first 
drawn  blank  line  in  A,  and  the  triangle  ABC  is 
constructed. 

Measure  the  angle  A  (by  prob.  17.  sect.  4.) ;  and 
also  ABy  from  the  same  scale  of  equal  parts  the 
other  sides  were  taken  from,  and  the  answers  are 
now  found. 

The  operations  by  calculation,  the  square  root. 
Gunter's  scale,  and  Natural  sines,  are  here  omit- 
ted, as  they  have  been  h'^reteibre  fully  explained  : 
the  statings,  or  proportions,  must  also  be  obvious, 
from  what  has  already  been  said. 

Answers;  The  angle  A  55"  4 H';  therefore  tlu. 
angle  C  34"  1 2',  and  A  B  208. 
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CASE  VL 

The  base  and  fierp€ndicular  gruen  ;  to  find  the  angles  and 
hypothenuse. 

Fl.  5.  M'  9. 

In  the  triangle  ABC,  there  is  AB  225,  and  ^C 
272,  given  ;  to  find  the  angles  A  and  (7,  and  the 
hypotlienuse  AC, 

1st.  By  Construction, 

Uraw  a  blank  line,  on  which  lay  AB  225,  frona 
a  scale  of  equal  parts  ;  at  jB,  erect  a  perpendicu- 
lar; on  which  lay  BC,  272,  from  the  same  scale  : 
join  A  and  C,  and  the  triangle  is  constructed. 

As  before,  let  the  angle  A,  and  the  hypothenuse 
AC  be  measured ;  in  order  to  find  the  answers. 

2d,  By  Calculation. 

1.  Making  AB  the  radius, 

AB  .  R:  :BC:  T,  A, 

R, :  AB  : :  sec.  A  •  AC. 

2.  Making  BC  the  radius. 

BC.  R:  :  AB:  T,  C, 
R,'BC''8ec.  C-  AC. 

'    By  calculation  ;  the  ansAvers  from  the  foregoing 
proportions  are  easily  obtained,  as  before. 

But  because  AC,  by  either  of  the  said  propor- 
tions is  found  by  means  of  a  secant ;  and  since 
there  is:'  no  line  of  secants  on  Gunter's  scale  ;  after 
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having  found  t]ie  angles  as  before,  let  us  suppose 
AC  the  radius,  and  then 

l.S.A'BC::B.:Aa 
ox%S,C'  AB-'  RrAC. 

These  proportions  may  be  easily  resolved,  ei- 
ther by  caJcuJation,  or  Gunter's  scale,  as  before  ; 
and  thus  the  hypothenuse  AC  may  be  found  with- 
out a  secant. 

From  the  two  given  sides,  the  hypothenuse 
may  be  easily  obtained,  from  cor.  1.  theo.  14. 
sect.  4. 

Thus  the  square  oi  AB  =  50625 
Add  the  square  of  BC  =  73984 

124609  (353  =  AC 
9 


65)346 
325 

703)2109 
2109 


From  what  has  been  said  on  logarithms,  it  is 
plain, 

1.  That  half  the  logarithm  of  the  sum  of  the 
squares  of  the  two  sides,  will  be  the  logarithm  of 
the  hypothenuse.     Thus, 

The  sum  of  squares,  as  before,  is  124609  ;  its 
log.  is  5.095519,  the  half  of  which  is  2.547774  ; 
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and  the  corresponding  number  to  this,  in  the  ta- 
bles, will  be  353,  for  AC, 

2.  And  that  half  of  the  logarithm  of  the  differ- 
ence of  the  squares  of  ^C  and  AB,  or  of  ^Cand 
BCy  will  be  the  logarithm  of  BC,  or  of  AB, 

The  follow  ing  examples  are  inserted  for  the  ex- 
ercise of  the  learner. 

,  ^.  )      the  angle  C64M0'    S  ^B ^^^.. 

1.  Given,  '\^^    33^3    |^^  required. 


,  ^:          }  the  angle  CiT  20'  (  -4C    ^^  .^^  , 

2.  Given,  >                   AB      17  [  bC^^^^^^ 

.  ^ .          >  the  angle  C  28^  30'  (  AB  ^^^'^,, 

,X  GiveB,  I                ^^^.  27187  J  AC  required 


^.         1         AB2         J^li^  angles  ^^^„.^. 
•^^^^"'1         ^C3         iand^C     ^eqinred.- 


_  r^.         1  jBC17         rthe  angles         .     , 

..Given,}         ^^21.6      land  ^"^    '^"i^^^- 


,.  ^.         1     ^B2B71.64    rthe  angles  ^^^,.^,^ 
I..  Given  J     _ee  3176.2     land^C      "^9^"^ 


The  ans\vers  are  omitted,  that  the  learner  may 
resolve  them  for  himself  by  the  foregoing  me- 
thods ;  by  which  means  he  Aviil  find  and  see  more 
distinctly  their  mutual  agreements :  and  become 
more  expert,  and  better  acquainted  w  ith  the  sub- 
ject 
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EFORE  we  proceed  to  the  solution  of  the 
four  cases  of  Oblique  angled  triangles,  it  is  neces- 
sary to  premise  the  following  theorems. 

THEO.  I. 

FL.S.Jig.lO. 

Inany  filane  triangle  ABCy  the  sides  are  firojiortional  to  the 
sines  of  thdr  o^ifiosite  angles  ;  t-fiat  is,  5.  C  :  AB  :  :  S.  A  : 
BC,  and  S.  C :  AB  :  :  S.  B  :  AC;  also  S.  B  :  AC  :  :  S.  A  : 
BC. 

By  theo.  10.  sect.  4.  the  half  of  each  side  is  the 
sine  of  its  opposite  angle  ;  but  the  sines  of  those 
angles,  in  tabular  parts,  are  proportional  to  the 
sines  of  the  same  in  any  other  measure;  *and  there- 
fore the  sines  of  the  angles  will  be  as  the  halves 
of  their  opposite  sides ;  and  since  the  halves  are  as 
the  Vt'holes,  it  follows,  that  the  sines  of  their  an- 
gles are  as  their  opposite  sides;  that  is,  S^  C: 
AB  : :  S.  A  :  BC,  SCc.  Q.  E,D. 

THEO.  IT. 

Fig-  11. 

In  any  /nunc  triangle  AUC^  the  sum  of  the  tiDO  given  sides  AB  and 
BC,  incliidi7ig  a  given  angle  ABC,  is  (o  their  differ  nce^  as  the 
tangent  of  half  the  sum  of  the  tnvo  miknoivn  angles  A  and  Cis  to 
the  tangent  of  half  thtir  difference. 

Produce  AB,  and  makeJF/J5=  BC,  and  join  JTC; 
let  fall  the  perpendicular  BE,  and  that  will  bisect 
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the  angle  HBC  (by  theo.  9.  sect.  4.)  through  B 
draw  BD  parallel  to  AC,  and  make  HF  =BCy 
and  johi  BF;  take  BI==BAy  and  draw  IG  paral- 
lel to  Bl)  or  AC. 

It  is  then  plain  that  AH  will  be  the  sum,  and 
HI  the  difference  of  the  sides  AB  and  BC:  and 
since  HB=BC,  and  BE  perpendicular  to  HC, 
therefore  iM^=^C  (by  theo.  8.  sect.  4.);  and  since 
BA=BI,  and  BD  and  IG  parallel  to  AC,  therefore 
GD=I)C=FH,  and  consequently  i^G^=Fi>,  and 
^HG=iFD  or  ED.  Again,  F^C  being  half 
HBC,  will  be  also  half  the  sum  of  the  angles^  and 
C  (by  theo.  4.  sect.  4.)  also,  since  HB,  HF,  and 
the  included  angle  H,  are  severally  equal  to  BC, 
CD,  and  the  included  angle  BCD :  therefore  (by 
theo.  6.  sect.  4.)  HBF=DBC=BCA  (by  part  2, 
theo.  3.  sect.  4.)  and  since  HBD=A  (by  part.  3. 
theo.  3.  sect.  4.)  and fll9F=  BCA :  therefore  BFD 
is  the  difference,  and  EBD,  half  the  difference  of 
the  angles  A  and  C :  then  making  BE  the  radius, 
it  is  plain,  that  EC  will  be  the  tangent  of  half  the 
sum,  and  ED  the  tangent  of  half  the  difference  of 
the  two  unknown  angles  A  and  C:  now  IG  being 
parallel  to  ^Cy^H;/fl^;.Ciy;  G^H.  (by  cor.  1. 
theo.  20.  sect.  4.)  But  the  wholes  are  as  their 
halves,  that  is,  AH:  IH: :  CE :  ED,  that  is  as  the 
sum  of  the  two  sides  AB  and  BC,  is  to  their  differ- 
ence ;  so  is  the  tangent  of  half  the  sum  of  the  two 
unknown  angles  A  and  C,  to  the  tangent  of  half 
their  difference.  Q,  E,  D. 
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Fig.  12. 


In  any  right  imedplaiie  triangle  ABD  ;  the  base  AD  luill  be  to  thr 
sum  of  the  othei  sides,  AB^  BD^  as  the  difference  of  those  side* 
is  to  the  difference  of  the  segments  of  the  6use,  made  by  the  jier- 
ftendicular  BE;  viz.  the  difference  between  AE  and  ED- 


Produce  BB,  till  BG=AB  the  lesser  leg;  and 
on  jB  as  a  centre,  with  the  distance  BG  or  BA,. 
describe  a  circle  AGHF ;  which  will  cut^Z>,  and 
AD  in  the  points  Hand  F ;  then  it  is  plain,  that 
GD  will  be  the  sum,  and  HD  the  difference  of 
the  sides  AB  and  BD  ;  also  since  AE=EF  (by 
theo.  8.  sect.  4.)  therefore,  FD  is  the  difference  of 
AE  ED,  the  segments  of  the  base  ;  but  (by  theo. 
17.  sect.  ^,)AD  :  GD  : .  HD  :  FD  ;  that  is,  the 
base  is  to  the  sum  of  the  other  sides,  as  the  differ- 
ence of  those  sides  is  to  the  difference  of  the  seg- 
ments of  the  base.     Q.  E,  D^ 


THEO.  lY. 


Fig.  13. 

7/  to  half  the  sum  of  tivo  quantities,  be  added  half  their  difference ; 
the  swn  will  be  the  greatest  of  them  ;  and  if  from  half  t  tie  sum  be 
subtracted  half  thetr  difference  ;  the  remuintier  %viU  be  the  least  oj 
them. 

Let  the  tw  o  quantities  be  represented  by  AB 
und  BC :  (making  one  continued  line  ;)  whereof 
AB  is  the  greatest,  and  BC  the  least;  bisect  the 
Tvhole  line  AC  in  E  ;  and  make  AD^BCj  then 
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it  is  plain,  that  AC  is  the  sum,  and  DB  the  differ- 
ence of  the  two  quantities  ;  and  AE  or  EC\  their 
half  sum,  and  DE  or  EB  their  half  difference. 
Now  if  to  AE  we  add  EBy  we  shall  have  AB  the 
greatest  quantity ;  and  if  from  EC  we  take  EB, 
we  shall  have  BC  the  least  quantity.     Q.  E.  D. 

Cor.  Hence,  if  from  the  greatest  of  two  quanti- 
ties, we  take  half  the  difference  of  them,  the  re- 
mainder will  be  half  their  sum  ;  or  if  to  half  their 
difference  be  added  the  least  quantity,  their  sum 
will  be  half  the  sum  of  the  two  quantities. 


QBLiaUE  ANGLED  TRIANGLES. 

CASE  I. 


TWO  sidest  and  an  angle  ofifiosite  to  one  of  them  gtvm  ;  to  Jind 
the  other  angles  and  side. 

PL,  5.  Jig,  11, 

Xn  the  triangle  ABC,  there  is  given  AB  240,  the  angle  A  46°  SO'', 
and  BC  200  ;  to  Jind  the  angle  C,  being  acute  t  the  angle  By  and 
the  side  AC. 

1st.  By  Construction. 

Draw  a  blank  line,  on  which  set  AB  240,  from 
a  scale  of  equal  parts ;  at  the  point  A,  of  the  line 
AB,  make  an  angle  of  46°  30  ,  by  an  indefinite 
blank  line ;  with  BC  200,  from  a  like  scale  of  equal 
parts  that  AB  was  taken,  and  one  foot  in  B,  des- 
cribe the  arc  DC  to  cut  the  last  blank  line  in  the 
points  D  and  C.  Now  if  the  angle  C  had  been  re- 
quired obtuse,  lines  from  D  to  B,  and  to  A,  would 
constitute  the  triangle;  but  as  it  is  required  acute. 
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draw  the  lines  from  Cio  B  and  to  A,  and  the  tri- 
angle ABC  is  constructed.  From  a  line  of  chords 
let  the  angles  B  and  C  be  measured ;  and  AC 
from  the  same  scale  of  equal  parts  that  AB  and 
BC  were  taken ;  and  you  will  have  the  answers 
required. 

2d,  By  Calculation, 

This  is  performed  by  theo.  1.  of  this  sect, 
thus ; 

As  BC  =  200  2.301030 

is  to  the  sine  of  ^    =    46^30'  9  860562 

Sois^jB  =  240  2.380211 


12.240773 
to  the  sine  of  C,     =     60°.  31'  9.939743 

180° — the  sum  of  the  angles  A  and  C,  will  give 
the  angle  B,  by  cor.  1.  theo.  5.  sect.  4. 
A  46°.  30' 
C  60.  31 


180°— 107°.  1  =72°.  59'  =  ^. 

As  the  sine  of  ^  =  46°.  30'  9.860562 

istojBC,  =  200  2.301030 

So  is  the  sine  of  ^  =  72°.^9'  9.980555 


12.281585 


to  AC,         =         263.  7  2.421023 

3d.  By  Gunier's  Scale, 

Kxtend  from  200  to  240,  on  the  line  of  numbers  ; 
that  distance  will  reach  from  46°  30'  on  the  line 
of  sines^  to  60°  31'  for  the  angle  C, 
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Extend  from  46°  30',  to  72'*  59',  on  the  line  of 
mnes ;  that  distance  will  reach  from  200  to  263.7 
on  the  line  of  numbers,  for  AC. 

Note.  The  method  by  Natural  Sines  will  be  ob- 
vious from  the  foregoing  analogies, 

CASE  IL 

Two  angles  and  a  side  given  ;  to  find  the  other  sides^ 

Pl.  5.  fig.  15. 

In  the  triangle  ABC,  there  is  the  angle  A  46«   SO'  AB  230, 
and  the  angle  B  o7°  30',  given  to  find  AC  a7id  BC, 

I  St.  By  Consirudioiu 

Diaw  a  blank  line,  upon  which  set  AB  230,  . 
from  a  scale  of  equal  parts  ;  at  the  point  A  of  the 
line  ABy  make  an  angle  of  46°  30',  by  a  blank 
line  ;  and  at  the  point  B  of  the  line  AB  make  an 
angle  of  37**  30',  by  another  blank  line  :  the  inter- 
section of  those  lines  gives  the  point  C,  then  the 
triangle  ABC  is  constructed.  Measure  AC  and 
BC  from  the  same  scale  of  equal  parts  that  AB 
was  taken  ;  and  you  have  the  answer  required. 

2d.  By  Calculation. 

By  (cor.  1.  theo.  5.'sect.  4.)  180«— the  sum  of  the 
angles  ./4  and  ^=C. 
A  46«  30' 
B  37.  30 


im'^— 84'.  oo^=9B«  00'= e. 
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TRIGONOMETRY. 


By  def.  27.  sect.  4.  The  sine  of  96«=the  sine 
of  84%  which  is  the  supplement  thereof;  therefore 
instead  of  the  sine  of  96°,  look  in  the  tables  for 
the  sine  of  84% 


By  theo.  1.  of  this  sect. 


As  the  sine  of  C 

is  to  AB, 
So  is  the  sine  of  A 


tojBC, 


96«00' 
230 


167.8 


9.997614 
2.361728 
9.860562 

12.222290 

2.224676 


Asthesineof  C     =     96«  00' 

is  to  ^jB,  =  230 

So  is  the  sine  of  ^  =  37*  30' 


to^C,  =  140.8 


9.997614 
2.361728 
9.784447 

12.146175 

2.148561 


dd.  By  Guntefs  Scale. 


Extend  from  84"  (which  is  the  supplement  of 
96°)  to  46°  30'  on  the  sines ;  that  distance  will 
reach  from  230  to  168,  on  the  line  of  numbers,  for 
BC. 

Extend  from  84°  to  37°.  30',  on  the  sines ;  that 
extent  will  reach  from  230  to  141,  on  the  line  of 
numbers,  for  AC. 
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CASE  III. 


TvJQ  sides  and  a  contained  angle  given  ;  to  find  the  other  angles 
and  side. 


Pl.  5.  fig.  16. 

M  the  triangle  ABCy  there  is  jiB  240,  the  angle  A  36°  40'  and  AC 
180,  given  ;  to  find  the  angles  C  and  -B,  and  the  side  BC, 


\sL  By  Construction. 


Draw  a  blank  line,  on  which  from  a  scale  of 
equal  parts,  lay  AB  240;  at  the  point  ^  of  the 
line  AB,  make  an  angle  of  36°  40',  by  a  blank 
line ;  on  which  from  A,  lay  AC  180,  from  the 
same  scale  of  equal  parts ;  measure  the  angles  C 
and  B,  and  the  side  BC,  as  before  ;  and  you  have 
the  answers  required. 

2d.  By  Calculation* 

By  cor.  1.  theo.  5.  sect.  4.  18G*» — the  angle  A 
m\  40'  =  143°.  20'  the  sum  of  the  angles  C  and 
B  :  therefore  half  of  143°.  20',  will  be  half  the 
sum  of  the  two  required  angles,  C  and  B. 

By  theo.  2.  of  this  sect. 

As  the  sum  of  the  two  sides  AB  and  AC  =  420 
is  to  their  difference,  =  60 

So  is  the  tangent  of  half  the  sum  of    ^    _  -710  ^r 


ihe  two  unknown  angles  C  and  B    ) 

to  the  tano:ent  of  half  their  diffprence   r=^  23°  20' 
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By  theo.  4. 

To  half  the  sum  of  the  angles  C  and  jB=  7P  4a' 
Add  half  thek  dilierence  as  now  found  =  23  2Q. 


The  sum  is  the  greatest  angle,  or  ang.  C=95  00 
Subtract,  and  you  have  the  least  angle,  pr  B =48  20 

The  angle  C  and  B  being  found ;  BC  is  had,  a* 
before,  by  theo.  1.  of  this  sect.  Thus, 


S.B:AC::S:A:BC. 

48**  20':  180  :  :  36' 40  :  143.9. 

3d,  By  Gunter^s  Scale. 
* 
Because  the  two  first  terms  are  of  the  same  kind, 
extend  from  420  to  60  on  the  line  of  numbers  ; 
lay  that  extent  from  45"  on  the  line  of  tangents, 
and  keeping  the  left  leg  of  your  compasses  fix- 
ed, move  the  right  leg  to  7  P.  40';  that  distance 
laid  from  45"  on  the  same  line  will  reach  to  23*-. 
30',  the  half  difference  of  the  required  angles. 
Whence  the  angles  are  obtained,  as  before. 

The  second  proportion  may  be  easily  extended, 
from  what  has  been  already  said.  . 

CASE  IK 

PL.  5. Jig,  \7, 

The  three  sides  given,  to  find  the  angles. 

In  the  tr'tangle  ABC,  there  is  given,  AB  64,  AC  47,  BC  34  ;  thf 
angles  At  By  C,  are  requited. 
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1st,  By  Construction, 

The  construction  of  this  triangle  must  be  mani^ 
festj  from  prob.  1 .  sect.  4.     . 

2d  By  Calculation, 

From  the  point  C,  let  fall  the  perpendicular  CD 
on  the  base  AB  ;  and  it  will  divide  the  triangle 
into  two  right  angled  ones,  ADC  and  CBD  ;  as 
well  as  the  base  AB^  into  the  two  segraejits,  AB 
and  DB. 

AC    47 
BC    34 

Sum  81 

difference  13 


By  theo.  3.  of  this  sect. 

As  the  base  or  the  longest  side,  AB  64 

is  to  the  sum  of  the  other  sides,  AC  and  BC,  81 

So  is  the  difference  of  those  sides  13 

to  the  difference  of  the  segments  of  >         na  Aa 

the  base  ^D  i>^.  ^         ^^'^^ 


By  theo.  4.  of  this  sect. 

To  half  the  base,  or  to  half  the  surri  )  09 

of  the  segments  AD  and  DB.  ) 

Add  half  their  difference,  now  found,  8.23 


Their  mm  will  be  the  greatest  segment  AD  40.23 
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Subiract,  and  their  diflerence  will  be  )     ^3  77 
the  least  segment  DBy  \ 

In  the  right  angled  triangle  ABC,  there  is  AC^l, 
and  ^Z>  40.  23,  given,  to  tind  the  angle  A, 

This  is  resolved  by  case  4.  of  right  angled  plane 
trigonometry,  thus, 

AD  :  R  :  :  AC :  Sec.  A 
40.  23  :  QO'^ :  :  47  :  3P  08' 


Or  it  may  be  had  by  finding  the  angle  ACD, 
the  complement  of  the  angle  A  ;  without  a  secant, 
thus, 


AC,  B:  :  AD:  S.  ACD. 

44  :  90":  :  40  23  :  58*>52' 

90  —  58«  52'=  3P.  08',  the  angle  A, 
Then  by  theo.  1.  of  this  sect. 


BC.  S,A:  :AC:S.B. 
34  :  3P  08' :  :  47  :  45«  37. 


By  cor.  1.  theo.  5.  sect.  4.  180°— the  sum  of  ^ 
and  jB=C'. 


A  3P.  08' 
Bi5.  37 


.  180^—70.  45=103*.  15',  the  ande  ( 
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ISl 


3d.  By  Gunter's  Scale. 

The  first  proportion  is  extended  on  the  line  of 
numbers  ;  and  it  is  no  matter  whether  you  extend 
from  the  first  to  the  third,  or  to  the  second  term, 
since  they  are  ail  of  the  same  kind :  If  you  extend 
to  the  second,  that  distance  applied  to  the  third, 
will  give  the  fourth  ;  but  if  you  extend  from  the 
first  to  the  third,  that  extent  will  reach  from  the 
second  to  the  fourth. 

The  methods  of  extending  the  other  proportions 
have  been  already  fully  treated  of. 


Jn  examfile  in  each  case  of  oblique  angled  triangles. 

i  AC        290  )  A 
1.  Given,  <     C69\30'>B    required. 
f  AB        350  S  BC 


i  C    24^  20'  )  AB 
2,  Given,  {B    128°.  30  >     required. 
(AC      32463  ^C 


iAC 
3.  Given,  <  C    124° 
}  BC    4 


^     1 

\3QiY 

5   3 


A 

B    required. 

AB 


CAB 

i.  Given,  <  AC 
(BC 


461  A 

92  >  B  required. 


52\Q 
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Additional  Exercises  rvith  their  Answers* 

aUESTIONS  FOR  EXERCISE. 

1.  Given  the  Hypothenuse  108  and  the  Angle 
opposite  the  Perpendicular  25''  36  ;  required  the 
Base  and  Perpendicular. 

Answer.  The  Base  is  97.4,  and  the  Perpendi- 
cular 46.66. 


2.  Given  the  Base  96  and  its  opposite  Angle  IV 
45' ;  required  the  Perpendicular  and  the  Hypo- 
thenuse. 

Answer.  The  Perpendicular  is  31.66  and  the 
Hypotl>enuse  lOl.l. 

3.  Given  the  Perpendicular  360  and  its  opposite 
Angle  58''  20' ;  required  the  Base  and  the  Hypo- 
thenuse. 

Answer.  The  Base  is  222,  and  the  Hypothe- 
nuse 423. 

4.  Given  the  Base  720  and  the  Hypothenuse 
980  ;  required  the  Angles  and  the  Perpendicular. 

Answer.  The  Angles  are  47"  ll\  and  42^3', 
and  the  Perpendicular  664.8 

5.  Given  the  Perpendicular  110.3  and  the  Hy- 
pothenuse 176.5;  required  the  Angles  and  the 
Base. 

Answer.  The  Angles  are  38Mr  and  5P  19;, 
and  the  Base  137.8. 

6.  Given  the  Base  360  and  the  Perpendicular 
480;  Tequued  the  Angles  and  the  Hypothenuse. 
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Answer.  The  Angles  are  5^""  8'  and  36°  52\ 
and  the  Hypolhenuse  600. 

7.. Given  one  Side  129,  an  adjacent  Angle  56*^ 
30,  and  the  opposite  Angle  8P  36' :.  required  the 
third  Angle  and  the  remaining  Sides. 

Answer.  The  third  Angle  is  4P  54',  and  the 
remaining  Sides  are  108.7  and  87.08. 


8.  Given  one  Side  96.5,  another  Side  59.7,  and 
the  Angle  opposite  the  latter  Side  3P  30' :  requir- 
ed the  remaining  Angles  and  the  third  Side. 

Answer.  This  Question  is  ambiguous;  the  given 
Side  opposite  the  given  Angle  being  less  than  the 
other  given  Side  (see  Rule  I. ;)  hence,  if  the  Angle 
opposite  the  Side  96.5  be  acute,  it  will  be  57°  38', 
the  remaining  Angle  90**  52',  and  the  third  Side 
114.2  ;  but  if  the  Angle  opposite  the  Side  96.5  be 
obtuse,  it  will  be  122°  22',  the  remaining  Angle 
26°  8',  and  the  third  Side  50.32. 


9.  Given  one  Side  110,  another  Side  102,  and 
the  contained  Angle  113°  36  :  required  the  remain- 
ing Angles  and  the  third  Side. 

AnsAver.  The  remaining  Angles  are  34°  37'  and 
31°  47',  and  the  third  Side  is  177.5. 

10.  Given  the  three  Sides  respectively,  120.6, 
125.5,  and  146.7  :  requued  the  Angles. 

Answer.  The  Angles  are  51°  53',  54°  58',  and 
73'*  9'. 

The  student,  who  has  advanced  thus  far  in  this 
work  with  diligence  and  active  curiosity,  is  now 
prepared  to  study,  with  ease  and  pleasure,  the  fol- 
lowing part;  which  comprehends  all  the  necessary 
directions  for  the  practice  of  Surveying, 
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PART  II, 


Qi'  the  Pracllccd  Surveyor's  Guide. 


SECT.  I. 


CoJitain'mg  afiarticular  Description  of  the  several  Listrunieiitd 
used  in  Surveying^  ivitk  their  respective  Usee, 


THE  CHAIN. 


HE  stationary  distance,  or  merings  of  ground, 
are  measured  either  by  Gunter's  chain  of  four 
poles  or  perches,  which  consists  of  100  links  ; 
(and  this  is  the  most  natural  division)  or  by  one 
of  50  links,  which  contains  two  poles  or  perches  : 
but  because  the  length  of  a  perch  differs  in  many 
places,  therefore  the  length  of  chains  and  their 
respective  links  will  differ  also. 

The  English  statute-perch  is  5t  yards,  the  two- 
pole  chain  is  1 1  yards,  and  the  four-pole  one  is  22 
yards ;  hence  the  length  of  a  link  in  a  stStute- 
chain  is  7.92  inclies. 

There  are  other  perches  used  in  different  parts 
of  England,  as  the  perch  of  woodland  measure^ 
which  is  6  yards  ;  that  of  church-land  measure, 
which  is  7  yards,  and  the  forest  measure  perchy 
which  is  8  yards. 
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For  the  more  ready  reckoning  the  links  of  a 
four-pole  chain,  there  is  a  large  ring,  or  sometimes 
a  round  piece  of  brass,  fixed  at  every  10  links ;  and 
at  50  links,  or  in  the  middle,  there  are  two  large 
rings.  In  such  chains  as  have  a  brass  piece 
at  every  10  links,  there  is  the  figure  1  on  the  first 
piece,  2  on  the  second,  3  on  third,  SCc.  to  9.  By 
leading  therefore  that  end  of  the  chain  forward 
which  has  the  least  number  next  to  it,  he  who  car- 
ries the  hinder  end  may  easily  determine  any  num- 
ber of  links :  thus,  if  he  has  the  brass  piece  number 
8,  next  to  him,  and  six  links  more  in  a  distance, 
that  distance  is  86  links.  After  the  same  manner 
10  may  be  counted  for  every  large  ring  of  a  chain 
which  has  not  brass  pieces  on  it ;  and  the  number 
of  links  is  thus  readily  determined. 

The  two-pole  chain  has  a  large  ring  at  every  10 
litiks,  and  in  its  middle,  or  at  25  links,  there  are  2 
large  rings  ;  so  that  any  number  of  links  may  be 
the  more  readily  counted  off*,  as  before. 

The  surveyer  should  be  careful  to  have  his  chain 
measured  before  he  proceeds  on  business,  for  the 
rings  are  apt  to  open  by  frequently  using  it,  and 
its  length  is  thereby  increased,  so  that  no  one  can 
be  too  circumspect  in  this  point. 

In  measuring  a  stationary  distance,  there  is  a^ 
object  fixed  in  the  extreme  point  of  the  line  to  be 
measured  ;  this  is  a  direction  for  the  hinder  chain- 
man  to  govern  the  foremost  one  by,  in  order  that 
the  distance  may  be  measured  in  a  right  line  ;  for 
if  the  hinder  chainman  causes  the  other  to  cover 
the  object,  it  is  plain  the  foremost  is  then  in  a  right 
line  towards  it.  For  this  reason  it  is  necessary  to 
have  a  person  that  can  be  relied  on,  at  the  hinder 
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end  of  the  chain,  in  order  to  keep  the  Ibreuiost 
man  in  a  right  line  ;  and  a  surveyor  who  has  no 
such  person,  should  chahi  himself  The  inaccura- 
cies of  most  surveys  arise  from  bad  chaining,  that 
is,  from  straying  out  of  the  right  line,  as  well  as  from 
other  omissions  of  the  hinder  chainman  :  no  per- 
son, tlierefore,  should  be  admitted  at  the  hinder 
end  of  the  chain,  of  whose  abilities  in*this  respect, 
the  survayor  was  not  previously  convinced ;  since 
the  success  of  the  survey,  in  a  grest  measure,  de- 
pends on  his  care  and  skilL 

In  setting  out  to  measure  any  stationary  distance, 
the  foreman  of  the  chain  carries  with  him  10  iron 
pegs  pointed,  each  about  ten  inches  long  ;  and 
when  he  has  stretched  the  chain  to  its  full  length, 
he  at  the  extremity  thereof  sticks  one  of  those  pegs 
perpendicularly  in  the  ground  ;  and  leaving  it 
there,  he  draws  on  the  chain  till  the  hinder  mart 
checks  him  when  he  arrives  at  that  peg :  the  chain 
being  again  stretched,  the  fore  man  sticks  down 
another  peg,  and  the  hind  man  takes  up  the  former; 
and  thus  they  proceed  at  every  chain's  length  con- 
tained in  the  line  to  be  measured,  counting  the  sur- 
plus links  contained  between  the  last  peg,  and  the 
object  at  the  termination  of  the  line,  as  before  :  so 
that,  the  number  of  pegs  taken  up  by  the  hinder 
chainman,  expresses  the  numbei*  of  chains ;  to 
Avhich,  if  the  odd  links  be  annexed,  the  distance 
line  required  in  chains  andlinks  is  obtained,  which 
must  be  registered  in  the  field  book,  as  will  hereaf- 
ter be  shewn. 


If  the  distance  exceeds  10,  20,  30,  d^c,  chains, 
when  the  leader's  pegs  are  all  exhausted,  the  hind- 
er chainman,  at  the  extremity  of  the  10  chains^ 
delivers  him  all  the  pegs  ;  from  whence  they  pro- 
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ceed  to  measure  as  before,  till  the  leader's  pegs  are 
again  exhausted,  and  the  hinder  chainman  at  the 
extremity  pf  these  10  chains  again  delivers  him  the 
pegs  ;  from  Avhence  they  proceed  to  measure  the 
whole  distance  line  in  the  like  manner ;  then  it  is 
plain,  that  the  number  of  pegs  the  hinder  chainman 
has,  being  added  to  10,  if  he  had  delivered  all  the 
pegs  once  to  the  leader,  or  to  20  if  tAvice,  or  to  30 
if  thrice,  8(c\  will  give  the  number  of  chains  in  that 
distance  ;  to  which  if  the  surplus  links  be  added, 
the  length  of  the  stationary  distance  is  known  in 
chains  and  links. 

It  is  customary,  and  indeed  necessary,  to  have 
red,  or  other  coloured  cloth,  fixed  to  the  top  of  each 
peg,  that  the  hinder  man  at  the  chain  may  the  more 
readily  find  them  ;  otherwise,  in  chaining  through 
corn,  high  grass,  briars,  rushes,  S^c^  it  would  be  ex- 
tremely difficult  to  find  the  pegs  which  the  leader 
puts  down  :  by  this  means  no  time  is  lost,  which 
otherwise  must  be,  if  no  cloths  are  fixed  to  the 
pegs,  as  before.  , 

It  will  be  necessary  here  to  observe,  that  all 
slant,  or  inclined  surfaces,  as  sides  of  hills,  are 
measured  horizontally,  and  not  on  the  plane  or 
surface  of  the  hill,  and  is  thus  effected. 


PL.S.Jig.A. 

Let  ABC  he  a  hill,  the  hindmost  chainman  is  to 
hold  the  end  of  the  chain  perpendicularly  over  the 
point  A  (which  he  canthe  better  effect  with  a  plum- 
met and  line,  than  by  letting  a  stone  drop,  which 
is  most  usual)  as  d  is  over  A,  while  the  leader  puts 
down  his  peg  at  e  :  the  eye  can  direct  the  horizon- 
tal position  near  enough,  but  if  o^reater  accuracy 

T        ^ 
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were  required,  a  quadrant  applied  to  the  chain, 
would  settle  that.  In  the  same  manner  the  rest 
may  be  chained  up  and  down  ;  but  in  going  down, 
it  is  plain  the  leader  of  the  chain  must  hold  up  the 
end  thereof,  and  the  plummet  thence  suspended, 
will  mark  the  point  where  he  is  to  stick  his  peg. 
The  figure  is  sufficient  to  render  the  whole  evident ; 
and  to  shew  that  the  sum  of  the  chains  will  be  the 
horizontal  measure  of  the  base  of  the  hill ;  for 
de=Aoyfg=op,hi=2yqySCc.  therefore  dexfgxhi, 
SCc,=Aoxopxpq,  ^^c,  =  AC,  the  base  of  the  hill. 
If  a  whole  chain  cannot  be  carried  horizontally, 
half  a  chain,  or  less,  may,  and  the  sum  of  these 
half  chains,  or  links,  will  give  the  base,  as  before. 

If  the  inclined  side  of  the  hill  be  the  plane  sur- 
face, the  angle  of  the  hill's  inclination  may  be  ta- 
ken, and  the  slant  height  may  be  measured  on  the 
surface;  and  thence  (by  case  1.  of  right-angled 
trigonometry)  the  horizontal  line  answering  to  the 
top,  may  be  found ;  and  if  we  have  the  angle  of 
inclination  given  on  the  other  side,  with  those  al- 
ready given  ;  we  can  find  the  horizontal  distance 
across  the  hill,  by  case  2.  of  oblique  trigonometry. 

All  inclined  surfaces  are  considered  as  horizon- 
tal ones ;  for  all  trees  which  grow  upon  any  inclined 
surface,  do  not  grow  perpendicular  thereto,  but  to 
the  plane  of  the  horizon :  thus  if  Ad,  ef,  gh,  SCc. 
were  trees  on  the  side  of  a  hill,  they  grow  per- 
pendicular to  the  horizontal  base  AC,  and  not  to 
the  surface  AB:  hence  the  base  will  be  capable  to 
contain  as  many  trees  as  are  on  the  surface  of  the 
hill,  which  is  manifest  from  the  continuation  of 
them  thereto.  And  this  is  the  reason  that  the  area 
of  the  base  of  a  hill,  is  considered  to  be  equal  in 
value  to  the  hill  itself. 
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Besides,  the  irregularities  of  the  surfaces  of  hills 
in  general  are  such,  that  they  would  be  found  im- 
possible to  be  determined  by  the  most  able  mathe- 
maticians. Certain  regular  curve  surfaces  havwB  been 
investigated  with  no  small  pains,  by  the  most  emi- 
nent ;  therefore  an  attempt  to  determine  in  general 
the  infinity  of  irregular  surfaces  which  offer  them- 
selves to  our  view,  to  any  degree  of  certainty, 
would  be  idle  and  ridiculous,  and  for  this  reason 
also,  the  horizontal  area  is  only  attempted. 

Again,  if  the  circumjacent  lands  of  a  hill  be 
planned  or  mapped,  it  is  evident  we  shall  have  a 
plan  of  the  hill's 'base  in  the  middle  :  but  were  it 
possible  to  put  the  hill's  surface  in  lieu  thereof,  it 
w^ould  extend  itself  into  the  circumjacent  lands, 
and  render  the  whole  an  heap  of  confusion :  so 
that  if  the  surfaces  of  hills  could  be  determined^ 
no  more"^  than  the  base  could  be  mapped 

Roads  are  usually  measured  by  a  wheel  for  that 
purpose,  called  the  Perambulator,  to  which  there 
is  fixea  a  machine,  at  the  end  whereof  there  is  a 
spring,  which  is  struck  by  a  peg  in  the  wheel,  once 
in  every  rotation  ;  by  this  means  the  number  of 
rotations  is  known ;  if  such  a  wheel  were  3  feet  4 
inches  in  diameter,  one  rotation  would  be  IOt  feet, 
which  is  half  a  plantation  perch ;  and  because  320 

Eerches  make  a  mile,  therefore  640  rotations  will 
e  a  mile  also  ;  and  the  machinery  is  so  contrived^ 
that  by  means  of  a  hand,  which  is  carried  round 
by  the  work,  it  points  out  the  miles,  quarters,  and 
perches,  or  sometimes  the  miles,  furlongs,  and 
perches. 

Or  roads  may  be  measured  by  a  chain  more  ac- 
curately ;  for  80  four-pole,  1 60  two-pole  chains,  or 
320  perches,  make  a  mile  as  before  :  and  if  roads 
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are  measured  by  a  statute-chain,  it  will  give  you 
the  miles  English,  but  if  by  a  plantation  chain,  the 
miles  will  be  Irish.  Hence  an  English  mile  con- 
tains 176^,  and  an  Irish  mile  2240  yards  ;  and  be- 
cause 14  half  yards  is  an  Irish,  and  1 1  half  yards  ia 
an  English  perch,  therefore  1 1  Irish  perches,  or 
Irish  miles,  are  equal  to  14  English  ones. 

Since  some  surveys  are  taken  by  a  four-pole,  and 
others  by  a  two-pole  chain  ;  and  as  ground  for 
houses  is  measured  by  feet,  w^e  will  shew  how  to  re- 
duce one  to  the  other,  in  the  following  problems. 

PROB.  L 

To  reduce  two'fiole  chains  and  links  to  four-iiole  ones. 

If  the  number  of  chains  be  even,  the  half  of 
them  will  be  the  four-pole  ones,  to  which  annex 
the  given  links,  thus, 

CL    L. 

1.  In  16.  37  of  two-pole  chains,  how  many  four- 
pole  ones  ] 

Ch.    Z, 

Answer  8.     37. 

But  if  the  number  of  chains  be  odd,  take  the 
half  of  them  for  chains,  and  add  50  to  the  links, 
and  they  will  be  four-pole  chains  and  links,  thus, 

CL     L. 

2.  Ipl7.  42  of  two-pole  chains,  how  many 
four-pole  ones  1 

CL    L, 

Answer  8.    92* 
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PROB.  11. 

To  rtduce  four-fiole  chains  andlinksy  to  tivo-fiole  ones. 

Double  the  chains,  to  which  annex  the  links,  if 
ihey  be  less  than  50  ;  but  if  they  exceed  50,  dou- 
ble the  chains,  add  one  to  them,  and  take  50  from 
the  links,  and  the  remainder  will  be  the  links,  thus, 

Ch.    L. 

1.  In  8.     37  of  four-pole   chains,  hoW  many 
2.  two-pole  ones  ? 


16.     37 


Ch.    L, 

%  In  8.     82  of  four-pole  chains,  how  many 
2.     50    two-pole  ones? 

17.  32  Answer, 


PROB.  IIL 

To  redutefour-fiole  chains  and  links,  to  perches  and  decimals 
of  a  perch. 

The  links  of  a  four-pole  chain  are  decimal  parts 
of  it,  each  link  before  the  hundreth  part  of  a 
chain ;  therefore  if  the  chain  and  links  be  multiplied 
by  4,  (for  i  perches  are  a  chain)  the  product  will  be 
the  perches  and  decimal  parts  of  a  perch.     Thus, 

Ch.    L. 
HoAv  many  perches  in  13.     64  of  four-pole 
chains,  4 


Answer  54,    ^Q  perches. 
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PROS.  IV. 

To  reduce  ttUO'fiole  chains  and  links^  to  perches  and  decimals  of 
a  fierch. 

They  ma7  be  reduced  to  four-pole  ones  (hy 
prob.  1.)  and  thence  to  perches  and  decimals  (by 
the  last,)  or. 

If  the  links  be  multiplied  by  4,  carrying  one  to 
the  chains,  when  the  links  are,  or  exceed  25  ;  and 
the  chains  by  2,  adding  one,  if  occasion  be  ;  the 
product  will  be  perches,  and  decimals  of  a  perch. 
Thiis, 

Ch.     L. 
1.  In  17.    21  of  two-pole   chains,  how  many 
2.       4  perches. 


Answer,  34.  84  perches. 

Ch.  L. 

2.  In  15.  38  of  two-pole  chains,  how  mnay 

2.  4  perches. 

Answer,  31.  52  perches. 


PROB.  V. 


To  reduce  fierchesy  and  decimals  of  a  fierch^  tofour-fiole  chains 
and  links. 


Divide  by  4,  so  as  to  have  two  decimal  places 
in  the  quotient,  and  that  will  be  four-pole  chains 
and  links.    Thus, 
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In  31.  52  perches,  how  many  four-pole  chains 
and  links  ? 


Ch. 

4)31.52(7. 

L. 

88  Answer. 

35 

32 

PROB. 

VL 

To  reduce  fierchea  and  decimals  of  a  perchy  to  two-fiole  chains 
and  links. 


The  perchesmay  be  reduced  to  four-pole  chains 
(hj  the  last)  and  from  thence  to  two-pole  chains 
^by  prob.  2.)  or. 

Divide  the  whole  number  by  2,  the  quotient  will 
be  chains  ;  to  the  remainder  annex  the  given  de- 
cimals, and  divide  by  4,  the  last  quotient  will  be 
the  links.     Thus, 

In  31,52  perches,  how  many  two-pole  chains  and 
links? 

Ch.    L. 

2)31.52(15.     38  Answer.. 

II 


4)152(38 
32 
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PROB.  VII. 

To  reduce  chains  and  links^   to  fees   and  decimal  parts  of  a 

foot. 

If  they  be  two-pole  chains,  reduce  them  to  four- 
pole  ones :  (by  prob.  1 .)  these  being  multiplied  by 
the  feet  in  a  four-pole  chain,  will  give  the  feet  and 
decimals  of  a  foot.     Thus, 

Ch.    L. 
In  17.    21  of  two-pole  chains,  how  many  feet  ? 

Ch.    L. 

8.    71  of  four-pole  chains. 
66  feet  =  1  chain. 


5226. 
5226      A 

Feet 
Luswer  574. 

TROB. 

Inc] 

lOi 

Feet  574.86 
12 

[nches  10.32 
4 

1.28 

VllL 

To  reduce  feet  and  inches  to  chains  and  links* 

Reduce  the  inches  to  the  decimal  of  a  foot,  and 
annex  that  to  the  feet ;  that  divided  by  the  feet  in 
a  four-pole  chain,  will  give  the  four-pole  chains  and 
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links  in  the  quotient :  these  may  be  reduced  to 
two-pole  chains  and  links,  if  required,  by  prob.  2, 
Thus, 

Feet.    Inches. 
In  217.        9    how  many  two-pole  chains? 
12)9.00.(75  the  decimal  of  9  inches. 


60 

66)217.75(3.  29 

1  of  foui^pole 

chains. 

or 

197 

Ch. 

655     6. 

L. 

29 

/ 

61 


How  to  take  a  Survey  hy  the  Chain  only. 
PROB.  I. 


To  survey  a  piect  of  grownd,  by  going  round  it^  and  the  me* 
thod  of  taking  the  angles  of  the  field^  bij  the  chain  only. 

Fl.e.^g.Q, 

Let  ABCDEFG  be  a  piece  of  ground  to  be  sur- 
veyed :  beginning  at  the  point  Ay  let  one  chain  be 
laid  in  a  direct  line  from  A,  towards  G,  where  let 
a  peg  be  left,  as  at  c  ;  and  again,  the  like  distance 
from  .^4  in  a  direct  line  towards  jB,  where  another 
peg  is  also  to  be  left,  as  at  d:  let  the  distance  from 
/^  to  c  be  measured,  and  placed  in  the  field-book,  in 

TJ 
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Che  second  cohimii  under  the  denomination  of  an- 
gles, in  a  line  wHh  station  No.  1  ;  and  in  the  same 
line,  midei  the  title  of  distances,  in  the  third  column, 
let  the  measure  of  the  line  AB  in  chains  and  links 
be  inserted.    Being  now  arrived  at  .B,  let  one  chain 
be  laid  in  a  direct  line  from  B  towards  J[,  where  let 
a  peg  be  left,  as  at  /,  and  again,  the  like  distance 
from  B  in  a  direct  line  towards  C,  where  let  also 
another  peg  be  left,  as  ate;  the  distance  from  e  to 
/  is  to  be  inserted  in  the  field-book  in  the  second 
column,  under  angles,  in  a  line  with  static m  No.  2 ; 
and  in  the  same  line,  under  the  title  of  distances 
in  the  third  column,  let  the  measure  of  the  line 
BCy  in  chains  and  links,  be  inserted :  after  the 
yame  manner  we  may  proceed  from  C  to  Z>,  and 
thence  to  jE;  but  because  the  angle  at  jK,  vi^.FEDy 
is  an  external  angle,  after  having  laid  one  chain 
from  E  to  /?,  and  to  g,  the  distance  from  g  to  h  is 
measured,  and  hiserted  in  the  column  of  angles,  in 
a  line  with  station  No.  5.  and  on  the  side  of  the 
field-book  against  that  station,  we  make  an  asterisk, 
thus  *,  or  any  other  mark,  to  signify  that  to  be  an 
external  angle,  or  one  measured  out  of  the  ground. 
Proceed  we  then  as  before,  from  j^  to  F,  to  G,  and 
thence  to  A,  measuring  the  angles  and  distances, 
and  placing  them  as  before,  in  the  field-book,  oppo- 
site to  their  respective  stations  ;  sq  will  the  field- 
book  be  completed  in  manner  following. 

N.  B.  After  this  manner  the  angles  for  inac- 
cessible distances  may  be  taken,  and  the  method 
of  constructing  or  laying  them  down,  as  well  as 
the  construction  of  the  map,  from  the  following 
field-notes,  must  be  obvious  from  the  method  of 
taking  them. 

The  form  of  the  field-book,  with  the  title. 
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A  field-book  of  part  of  the  land  of  Grange,  in  the 
parish  of  Portrnarnock,  barony  of  Coolock,  and 
county  of  Dublin  ;  being  part  of  the  estate  of 
L.  P.  Esq.  let  to  C.  I),  farmer.  Surveyed  Janu- 
ary 30,  1782. 

Taken  by  a  four-pole  chain. 


Remarks. 


Mr.  .J.  i>'s  part  of  Grange 

Mr.  L.  P's  part  of  Poiimar 
,        nock  strand 

Widow  J.  G's  part  of  Grange 


iNo. 

Angles 

Sta. 

Ch.   L. 

1 

1.80 

2 

1.79 

3 

1.76 

4 

1.41 1 

5 

1.87^ 

6 

1.14 

7 

1.89 

Distan. 
Ch.    L. 

17.65 
18.50 
28.00 
20.00 
14.83 
19.41 
24.53 


Close  at  tlie  first  station. 


Explanation  of  the  remarks. 

Mr.  J.  D's  part  of  Grange  bounds,  or  is  adjacent 
to  the  surveyed  land  from  the  first  to  the  third  sta- 
tion ;  Mr.  L.  P's  part  of  Portrnarnock  bounds  it 
from  the  third  to  the  fourth  station  ;  4he  strand 
then  is  the  boundary  from  thence  to  the  sixth,  and 
from  the  sixth  to  the  first  station,  the  widow  J.  G's 
part  of  Grange  is  the  boundary. 

It  is  absolutely  necessary  to  insert  the  persons' 
names,  and  town-lands,  strands,  rivers,  bogs,  ri- 
vulets, SCc.  which  bound  or  circumscribe  the  land 
which  is  surveyed,  for  these  must  be  expressed  in 
the  map. 

In  a  survey  of  a  town-land,  or  estate,  it  is  sufiS- 
cient  to  mention  only  the  circumjacent  town-lands^^ 
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without  the  occupiers'  names :  but  when  a  part 
only  of  a  town-land  is  surveyed,  then  it  is  neces- 
sary to  insert  the  person  or  persons'  names,  who 
hold  any  particular  parcel  or  parcels,  of  such  town- 
land,  as  bound  the  parts  surveyed. 

When  an  angle  is  very  obtuse,  as  most  in  our 
present  figure  are,  viz,  the  angles  at  A,  B,  C, 
Ey  and  G  :  it  will  be  best  to  lay  a  chain  from  the 
angular  point,  as  at  A,  on  each  of  the  containing 
sides  to  c  and  to  d  ;■  and  any  where  nearly  in  the 
middle  of  the  angle,  as  at  e:  measuring  the  distan- 
ces ce  and  ed  j  and  these  may  be  placed  for  the 
angle  in  the  field-book.     Thus, 


No.    Sta.     Angle. 

Ch.  L,         Ch.  L. 
1,03 
L09 


17,65 


For  when  an  angle  is  very  obtuse,  the  chord 
line,  as  ed,  will  be  nearly  equal  to  the  radii  Ac 
and  Ad;  so  if  the  arc  ced  be  swept,  and  the  chord 
line  edh%  laid  on  it,  it  will  be  difficult  to  determine 
exactly  that  point  in  the  arc  where  ed  cuts  it :  but 
if  the  angle  be  taken  in  two  parts,  as  ce,  the  arc, 
and  the  angle  thence,  may  be  truly  determined 
and  constructed. 


After  the  same  manner  any  piece  of  ground 
may  be  surveyed  by  a  two-pole  chain. 
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PROB.  11. 


To  take  a  survey  of  a  piece  of  ground  from  any  fioint  within 
it,  from  ivhence  all  the  angles  can  be  seen  ;  by  the  chain 
•nly, 

PL,6,fig.6. 

Let  a  mark  be  fixed  at  any  point  in  the  ground^ 
as  at  Hy  from  whence  all  the  angles  can  be  seen ; 
let  the  measures  of  the  lines  HA,  HB,  HC,  Sfc. 
be  taken  to  every  angle  of  the  field  from  the  point 
H;  and  let  those  be  placed  opposite  to  No.  I,  2, 
3,  4,  SCc.  in  the  second  column  of  the  radii :  the 
measures  of  the  respective  lines  of  the  mearing, 
viz,  AB,  BC,  CD,  DE,  Sfc.  being  placed  in  the 
third  column  of  distances,  will  complete  tbe  field- 
book.    Thus, 


Remarks. 

No. 

Radii. 
Ch.L. 

Distan. 
Ch.  L. 

1 

20.00 

17.65 

2 

21.72 

18.50 

3 

21.74 

28.00 

4 

25.34 

20.00 

5 

17.20 

14.83 

6 

29.62 

19.41 

7 

21.20 

24.53 

Close 

at  the  first 

statioD. 

If  any  line  of  the  field  be  inaccessible,  as  sup- 
pose CD  to  be,  then  by  way  of  proof  that  the 
distance  CD  is  true,  let  the  measure  of  the  angle 
CHD  be  taken  by  the  line  oo,  Avith  the  chain  :  if 
this  angle  corresponds  with  its  containing  sides,  the 
length  of  the  line  DC  is  truly  obtained,  and  the 
whole  work  is  truly  taken. 
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Note,  That  in  setting  off  an  angle,  it  is  necessa- 
ry to  use  the  largest  scale  of  equal  parts,  viz,  that 
of  the  inch,  which  is  diagonally  divided  into  100 
parts,  in  order  that  the  angle  should  be  accurately 
laid  down  ;  or  if  two  inches  were  thus  divided  for 
angles,  it  would  be  the  more  exact ;  for  it  is  by 
no  means  necessary  that  the  angles  should  be  laid 
from  the  said  scale  with  the  stationary  distances. 

PEOB.  Ill 


To  take  a  survey  by  the  chain  only^  luhcn  all  the  angles  cannoi 
be  seen  from  one  point  within^ 

PL,  6.  Jig.  7. 


Let  the  ground  to  be  surveyed  be  represented 
by  1,  2,  3,  4,  Sfc.  Since  all  the  angles  cannot  be 
seen  from  one  point,  let  us  assume  3  points,  as  A, 
B,  Cy  from  whence  they  may  be  seen  ;  at  each  of 
which  let  a  mark  be  put,  and  the  respective  sides 
of  the  triangle  be  measured  and  set  down  in  the 
field-book ;  let  the  distance  from  ^  to  1 ,  and  from 
B  to  1,  be  measured,  and  these  will  determine  the 
point  1 ;  let  the  other  lines  which  flow  from  A,  B, 
C  as  well  as  the  circuit  of  the  ground,  be  then 
measured  as  the  figure  dkects  ;  and  thence  the 
map  may  be  easily  constructed. 

.  There  are  other  methods  which  may  be  used  ; 
as  dividing  the  ground  into  triangles,  and  mea- 
suring the  3  sides  of  each  ;  or  by  measuring  the 
base  and  perpendicular  of  each  triangle.  But 
this  we  shall  speak  of  hereafter. 


OP  THE  CHAm.  ist 

PROB.  ir. 

ffoiv  to  take  any  inacceaaible  distance  by  the  chain  only. 

Suppose  ^S  to  be  the  breadth  of  a  river,  or  any 
other  inaccessible  distance,  which  may  be  required. 

Let  a  ^taffor  any  other  object  be  set  at  B,  draw 
yourself  backw  ard  to  any  convenient  distance  C, 
so  that  B  may  cover  A  :  from  B,  lay  off  any  other 
distance  by  the  river's  side  to  E,  and  complete  the 
parallelogram  EBCD  :  stand  at  D,  and  cause  a 
mark  to  be  set  at  F,  in  the  direction  of  A  ;  mea- 
sure the  distance  in  links  from  E  to  F,  and  FB 
will  be  also  given.  Wherefore  EF:  EJJ  : :  FB  : 
AB^  Since  it  is  plain  (from  part  1 .  theo.  3.  sect, 
4.  and  theo.  2.  sect.  4.)  the  triangles  EFDBFA 
are  mutually  equiangular. 

If  part  of  the  chain  be  drawn  from  B  to  C,  and 
the  other  part  from  B  to  E  ;  and  if  the  ends  at  E 
and  Cbe  kept  fast,  it  will  be  easy  to  turn  the  chain 
over  to  D,  so  as  to  complete  a  parallelogram  ;  by 
reckoning  off*  the  same  number  of  links  you  had  in 
BC,  from  E  to  D,  and  pulling  each  part  straight- 


(  152) 


THE 


CIRCUMFERENTOR 


X  HIS  instrument  is  composed  of  a  brass  circu- 
lar box,  about  five  or  six  inches  in  diameter;  with- 
in which  is  a  brass  ring,  divided  on  the  top  into 
360  degrees,  and  numbered  10,  20,  30,  SCc,  to  360  : 
in  the  centre  of  the  box  is  fixed  a  steel  pin  finely 
pointed,  called  a  centre-pin,  on  which  is  placed  a 
needle  touched  by  a  loadstone,  which  always  re- 
tains the  same  situation  ;  that  is,  it  always  points; 
\o  the  North  and  South  points  of  the  horizon 
nearly,  when  the  instrument  is  horizontal,  and  the 
needle  at  rest. 

The  box  is  covered  with  a  glass  lid,  in  a  brass 
rim,  to  prevent  the  needle  being  disturbed  by 
wind  or  rain,  at  the  thne  of  surveying  :  there  is 
also  a  brass  lid  or  cover,  which  is  laid  over  the 
former  to  preserve  the  glass  in  carrying  tjie  in- 
strument. 

This  box  is  fixed  by  screws,  to  a  brass  index,  or 
ruler,  of  about  14  or  15  inches  in  length,  to  the 
ends  whereof  are  fixed  brass  sights,  which  are 
screwed  to  the  index,  and  stand  perpendicular 
thereto  :  in  each  sight  is  a  large  and  a  small  aper- 
ture, or  slit,  one  over  the  other  ;  but  these  are 
changed,  that  is,  if  the  large  aperture  be  uppermost 
in  the  one  sight,  it  will  be  lowest  in  the  other,  and 
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so  of  the  small  ones  :  therefore  the  small  aperture 
in  one  is  opposite  to  the  large  one  in  the  other ;  in 
the  middle  of  which  last,  there  is  placed  a  horse 
liair,  or  fine  silk  thread. 

The  instrument  is  then  fixed  on  a  ball  and  sock- 
et ;  by  the  help  of  which  and  a  screw,  you  can  rea- 
dily fix  it  horizontally  in  any  given  dkection ;  the 
socket  being  fixed  on  the  head  of  a  three-legged 
staff,  whose  legs,  when  extended,  support  the  in- 
strument whilst  it  is  used.  «;, 


To  takejield  notes  by  the  Circumferentor, 
PL,  6,  Jig.  6. 

Let  your  instrument  be  fixed  at  any  angle  as  Ay 
your  first  station  ;  and  let  a  person  stand  at  the 
next  angle  B,  or  cause  a  staff,  with  a  white  sheet, 
to  be  set  there  perpendicularly  for  an  object  to  take 
your  view  to :  then  having  placed  your  instrument 
horizontally  (which  is  easily  done  by  turning  the 
box  so  that  the  ends  of  the  needle  may  be  equi- 
distant from  its  bottom,  and  it  traverses  or  plays 
freely)  turn  the  flower-de-luce,  or  north  part  of  the 
box,  to  your  eye,  and  looking  through  the  small 
aperture,  turn  the  index  about,  till  you  cut  the  per- 
son or  object  in  the  next  angle  B,  with  the  horse 
hail',  or  thread  of  the  opposite  sight ;  the  degrees 
then  cut  hj  the  south  end  of  the  needle,  will  give 
the  number  to  be  placed  in  the  second  column  of 
your  field-book  in  a  line  with  station  No.  1,  and  ex- 
presses the  number  of  degrees  the  stationary  line  is 
from  the  north,  counting  quite  round  with  the  sun. 

Most  needles  are  pointed  at  the  south  end,  and 
have  a  small  rinsj  at  the  north :  such  needless  are 

X 
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better  than  those  which  are  pointed  at  each  enJ, 
because  tiie  surveycH"  cannot  mistake  by  countini*; 
to  a  wrong  end;  which  error  may  be  frequently 
committed,  in  using  a  two-pointed  needle. 

Two-pointed  needles  have  sometimes  a  ring,  but 
moi-e  usually  a  cross  towards  the  north  end  :  and 
the  soutli  end  is  generally  bearded  towards  its  ex- 
tremity, and  sometimes  not,  but  its  arm  is  a  naked 
I  ight  line  from  the  cap  at  the  centre. 

Having  taken  the  degrees  or  bearing  of  the  first 
stationary  line  AHy  let  the  line  be  measured,  and 
the  length  thereof  in  chauis  and  links  be  inserted 
in  the  third  colunui  of  your  field-book,  under  the 
title  of  distances,  opposite  to  station  No,  1. 

It  is  customary,  and  even  necessary,  to  cause  a 
sod  to  be  dug  up  at  each  station,  or  pkace  where 
you  fix  the  instrument :  to  the  end,  that  if  any 
error  should  arise  in  the  field-book,  it  may  be  the 
more  readily  adjusted  and  corrected,  by  trying 
over  the  former  bearings  and  stationary  di:?tances. 

Having  done  with  your  first  station,  set  the  in- 
strmnent  over  the  hole  or  spot  where  your  object 
stood,  as  at  By  for  your  second  station,  and  send 
Tiim  forward  to  the  next  angle  of  the  field,  as  at 
C;  and  having  placed  the  instrument  in  an  hori- 
zontal direction,  with  the  sights  directed  to  the 
object  at  C  and  the  north  of  the  box  next  your 
eye,  count  your  degrees  to  the  south  end  of  the 
needle,  Avhich  register  in  your  field-book,  in  the 
second  column  opposite  to  station  No.  2 ;  then 
measure  the  stationary  distance  BQ  which  insert 
in  the  third  column,  and  thus  proceed  from  angle 
io  angle,  s^uding  your  object  before  you,  till  you 
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return  ir»  the  j>Iace  >vhere  you  fxi^an,  and  you 
wiJI  have  the  fieJd-fKjok  corripleU?  ;  ohservlri^  al- 
wayn  to  hi^nify  tJje  parlieHnaroeH  who  hohJ  the  eon- 
liguouH  iandn,  and  the  namen  of  the  to\vn-land«f, 
rivers,  roadh,  ftwarnps,  laken,  ^^Tc  that  f>ound  the 
land  you  ^virvi^.y,  as  before  ;  and  this  is  tJjr^  man- 
ner of  taking  ficJd-notes  by  what  ia  calJed  fore- 
fijghtH. 

But  the  generality  of  mcarHrnen  frequently  net 
thernselvefiin  disadvantageous  [>laees,  so  as  often  to 
occasion  two  or  more  stations  to  be  made,  where 
one  may  do,  which  creat^^s  much  trouble  and  lo?-s 
of  time  ;  we  will  therefore  shew  tiow  this  may  Ix: 
remedied,  by  taking  back-sights,  thus:  let  your 
object  stand  at  the  point  where  you  f>eginyour  sur- 
vey, as  at  yi  ;  leaving  him  there,  \>YOiAiiA  to  your 
next  angle  By  where  fix  your  instrument  so,  that 
you  may  have  the  longest  view  possible  towards  C 
Having  set  the  instrument  in  an  horizontal  position, 
lurn  the  south  part  of  the  box  next  your  eye,  and 
tiaving  cut  your  object  at  Ay  reckon  the  degree:^ 
to  the  south  point  of  the  needle,  which  will  l>e 
the  same  as  if  they  were  taken  from  the  object  to 
the  instrument,  the  direction  of  the  index  fx^ingthe 
same.  Let  the  degree  be  inserted  in  the  field- 
book,  and  the  stationary  distance  be  measured  and 
annexed  thereto,  in  its  proyx^r  column  ;  and  thus 
proceed  from  station  to  station,  leaving  your  ob- 
ject in  the  last  {XJint  you  left,  till  you  return  to  the 
first  station  A, 

By  this  method  your  stations  are  laid  out  to  the 
best  advantage,  and  two  men  may  do  the  business 
of  three,  for  one  of  those  who  chain,  may  \Mt  your 
object ;  but  in  fore-sights,  you  must  have  an  ob?- 
ject  before  you,  besides  two  cbainmen. 


156        THE  CIRCUMFERENTOR. 

It  was  said  before,  that  a  surveyor  should  have  a 
person  with  him  to  carry  the  hinder  end  of  the 
chain,  on  whom  he  can  depend :  this  person  should 
be  expert  and  ready  at  taking  off-sets,  as  well  as  ex- 
act in  giving  a  faithful  return  of  the  length  of  every 
stationary  line.  One  who  has  such  a  person,  and 
who  uses  back-sights,  will  be  able  to  go  over  near 
double  the  ground  he  could  at  the  same  time,  by 
taking  fore-sights,  because  of  overseeing  the  chain- 
ing ;  for  should  he  take  back-sights,  he  must  be 
obliged,  after  taking  his  degree,  to  go  back  to  the 
foregoing  station,  to  oversee  the  chaining,  and  by 
this  means  to  walk  three  times  over  every  line, 
which  is  a  labour  not  to  be  borne. 

Or  a  back  and  a  fore-sight  may  be  taken  at  one 
station,  thus ;  with  the  south  of  the  box  to  your 
eye,  observe  from  B  the  object  Ay  and  set  down 
the  degree  in  your  field-book,  cut  by  the  south  end 
of  the  needle.  Again  from  B  observe  an  object 
at  C,  with  the  north  of  the  box  to  your  eye,  and 
set  down  the  degree  cut  by  the  south  point  of  the 
needle,  so  have  you  the  bearings  of  the  lines  AB 
and  BCj  you  may  then  set  up  your  instrument  at 
D,  from  whence  take  a  back-sight  to  C,and  a  fore- 
sight to  jK;  thus  the  bearings  may  be  taken  quite 
round,  and  the  stationary  distances  being  annexed 
to  them,  will  complete  the  field-book. 

But  in  this  last  method,  care  must  be  taken  to 
see  that  the  sights  have  not  the  least  cast  on  either 
side  ;  if  they  have,  it  will  destroy  all :  and  yet 
with  the  same  sights  you  may  take  a  survey  by 
fore-sights,  or  by  back-sights  only,  with  as  great 
truth  as  if  the  sights  were  ever  so  erect,  provided 
the  same  cast  continues  without  any  alteration  ; 
but,  upon  the  whole,  back-sights  only  will  be  found 
the  readiest  method. 
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If  your  needle  be  pointed  at  each  end,  in  taking 
fore-sights^  you  may  turn  the  north  part  of  the  box 
to  your  eye,  and  count  your  degrees  to  the  south 
pail  of  the  needle,  as  before  ;  or  you  may  turn 
the  south  of  the  box  to  your  eye,  and  count  your 
degrees  to  the  north  end  of  the  needle. 

But  in  back-sights  you  may  turn  the  north  of 
the  box  to  your  eye,  and  count  your  degrees  to 
the  north  point  of  the  needle  ;  or  you  may  turn 
the  south  of  the  box  to  your  eye,  and  count  your 
degrees  to  the  south  end  of  the  needle. 

The  brass  ring  in  the  box  is  divided  on  the  side 
into  360  degrees,  thus ;  from  the  north  to  the  east 
into  90,  from  the  north  to  the  west  into  90,  from 
the  south  to  the  east  into  90,  and  from  the  south 
to  the  west  into  90  degrees  ;  so  the  degrees  are 
numbered  from  the  north  to  the  east  or  west,  and 
from  the  south  to  the  east  or  west. 

The  manner  of  using  this  pail  of  the  instrument 
is  this ;  having  directed  your  sights  to  the  object, 
w^hether  fore  or  back,  as  before,  observe  the  two 
cardinal  points  of  your  compass,  the  point  of  the 
needle  lies  between,  (the  north,  south,  east  and  west 
being  called  the  four  cardinal  points,  and  are  grav- 
ed on  the  bottom  of  the  box)  putting  down  those 
points,  together  by  their  initial  letters,  and  there- 
to annexing  the  number  of  degrees,  counting  from 
the  north  or  south,  as  before,  thus;  if  the  point  of 
your  needle  lies  between  the  north  and  east,  north 
and  west,  south  and  east,  or  south  and  west  points 
in  the  bottom  of  the  box,  then  put  down  NE, 
NW,  S.E,  or  STVy  annexing  thereto  the  number  of 
degrees  cut  by  the  needle  on  the  side  of  the 
ring,  counting  from  the  north  or  south  as  before. 
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But  if  the  needle  point  exactly  to  the  north, 
south,  east,  or  west,  you  are  then  to  i<ivrite  down 
Ny  S,  E,  or  Wy  without  annexing  any  degree. 

This  is  the  manner  of  taking  field  notes,  where- 
by the  content  of  ground  may  be  universally  de- 
termined by  calculation  ;  and  they  are  said  to  be 
taken  by  the  quartered  compass,  or  by  the  four 
nineties. 

Tojind  the  number  of  degrees  contained  in  any  given  angle. 

Set  up  your  instrument  at  the  angular  point, 
and  thence  direct  the  sights  along  each  leg  of  the 
angle,  and  note  down  their  respective  bearings,  as 
before ;  the  difference  of  these  bearings,  if  less 
than  180,  will  be  the  quantity  of  degrees  contain- 
ed in  the  given  angle  ;  but  if  more,  take  it  from 
360,  and  the  remainder  will  be  the  degrees  contain- 
ed in  the  given  angle. 
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HIS  instrument  is  a  circle,  commonly  of  brass, 
of  ten  or  twelve  inches  in  diameter,  whose  limb  is 
divided  into  360  degrees,  and  those  again  are  sub- 
divided into  smaller  parts,  as  the  magnitude  of  it 
will  admit ;  sometimes  by  equal  divisions,  and 
sometimes  by  diagonals,  drawn  from  one  conceu- 
trie  circle  of  the  limb  to  another. 

In  the  middle  is  fixed  a  circumferentor,  with  a 
needle ;  but  this  is  of  little  or  no  use,  except  in 
finding  a  meridian  line,  or  the  proper  situation  of 
the  land. 

Over  the  brass  circle  is  a  pair  of  sights,  fixed  to 
a  moveable  index,  which  turns  on  the  centre  of 
the  instrument,  and  upon  which  the  circumferen- 
tor-box  is  placed. 

This  instrument  will  either  give  the  angles  of 
the  field,  or  the  bearing  of  every  stationary  dis- 
tance line,  from  the  meridian ;  as  the  circumferen- 
tor and  quartered  compass  do. 

To  take  the  angles  of  the  field. 
Pl.  6.  fig.  6. 

Lay  the  ends  of  your  index  to  360",  and  180**; 
turn  tbe  whole  about  with  th^  360  from  you ;  direct. 
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Ibe  sights  from  A  to  G,  and  screw  the  instrument 
fast;  direct  them  from  A,  to  cut  the  object  at  B  ; 
the  degree  then  cut  by  that  end  of  the  index  which 
is  opposite  you,'  will  be  the  quantity  of  the  angle 
GABy  to  place  in  your  field-book ;  to  which  an- 
nex the  measure  of  the  line  AB,  in  chains  and 
links  ;  set  up  your  instrument  at  B,  unscrew  it, 
and  lay  the  ends  of  your  index  to  360  and  180; 
lurn  the  whole  about  with  the  360  from  you,  or 
180  next  you,  till  you  cut  the  object  at  A;  screw 
the  instrument  fast,  and  diiect  your  sights  to  the 
object  at  C,  and  the  degree  then  cut  by  that  end 
of  the  index  which  is  opposite  to  you,  will  be  the 
quantity  of  the  angle  ABC.  Thus  proceed  from 
station  to  station,  still  laying  the  index  to  360, 
turning  it  from  you,  and  observing  the  object  at 
the  foregoing  station,  sere  wing  the  instrument  fast, 
and  observing  the  object  at  the  following  station^ 
and  counting  the  degrees  to  the  opposite  end  of 
the  index,  will  give  you  the  quantity  of  each  res- 
pective angle. 


LEMMA. 


jill  the  angles  of  any  fiolygon^  are  equal  to  twice  as  r/:a?iy 
right  angles  as  there  are  sides  less  by  four,  Thus^  all  the  an- 
gles  A^  By  C,  Z),  E,  F,  G,  are  equal  to  twice  as  many  right  a?i' 
gles  as  there  are  sides  in  the  figure,  less  by  four, 

PL.e.fg.e, 

Let  the  polygon  be  disposed  into  triangles,  by 
lines  drawn  from  any  assigned  point  jH^  within  it, 
as  by  the  lines  HA,  HB,  HC,  SCc.  It  is  evident 
then  (by  theo.  2.  sect.  4.  part  1.)  that  the  three 
angles  of  each  triangle  are  equal  to  two  right ;  and 
consequently,  that  the  angles  in  all  the  triangles 
are  twice  as  many  riii^ht  ones  as  there  are  sides : 
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but  all  the  angles  about  the  point  H,  are  equal  to 
four  right  (by  cor.  2.  theo.  1.  sect.  4.) ;  thercfore 
the  remaining  angles  are  equal  to  twice  as  many 
right  ones  as  there  are  sides  in  the  figure,  abating 
four.    Q.E.n. 


SCHOLIUM. 

Hence  we  may  know  if  the  angles  of  a  survey 
be  truly  taken  ;  for  if  their  sum  be  equal  to  twice 
as  many  right  angles,  as  there  are  stations,  abat- 
ing four  right  angles,  you  may  conclude  that  the 
angles  were  truly  taken,  otherwise  not. 

If  you  take  the  bearing  of  any  line  with  the  cir- 
cumferentor,  that  bearing  will  be  the  number  of 
degrees  the  line  is  from  the  north ;  consequently 
the  north  must  be  a  like  number  of  degrees  from 
the  line,  and  thus  the  north,  and  of  course  the 
south,  as  well  as  the  east  and  west,  or  the  situation 
of  the  land,  is  obtained. 

To  take  the  bearing  of  each  resfiective  line  from  the  meridz^ 
an;  or  to /lerform  the  office  of  the  circumferentor^or  (quartered 
comfia&s  by  the  theodolite. 

Set  your  instrument  at  the  first  station,  and  lay 
the  index  to  360°  and  180°,  with  the  flower-de-luce 
of  the  box  next  360  ;  unscrew  the  instrument,  and 
turn  the  whole  about,  till  the  north  and  south 
points  of  the  needle  cut  the  north  and  south  points 
in  the^box ;  then  screw  it  fast,  and  the  instrument 
is  north  and  south,  if  there  be  no  variation  in  the 
needle ;  but  if  there  be,  and  its  quantity  known, 
it  may  be  easily  allowed. 

The  drcumferentor-box  may  then  be  taken  off. 
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Direct  the  sights  to  the  object  at  the  second  sta- 
tion, and  the  degree  cut  hy  the  opposite  end  of 
the  index  will  be  the  bearing  of  that  line  from  the 
north,  and  the  same  that  the  circumferentor  would 
give. 

After  having  measured  the  stationary  distance, 
set  up  your  instrument  at  the  second  station  ;  un- 
screw it,  and  set  either  end  of  the  index  to  the  de- 
gree of  the  last  line,  and  turning  the  whole  about 
with  that  degree  towards  you,  direct  your  sights 
to  an  object  at  the  foregoing  station,  and  screw^  the 
instrument  fast ;  it  will  then  be  parallel  to  its  for- 
mer situation,  and  consequently  north  and  south ; 
direct  then  your  sights  to  an  object  at  the  follow- 
ing station,  and  the  degree  cut  by  the  opposite  end 
of  the  index,  will  be  the  bearing  of  that  line. 

In  like  manner  you  may  proceed  through  the 
whole. 

If  the  brass  circle  be  divided  into  four  nineties, 
from  360  and  180,  and  the  letters  iV,  S,  E,  W,  be 
applied  to  them;  the  bearings  may  be  obtained  by 
putting  down  the  letters  the  far  or  opposite  end  of 
the  index  lies  between,  and  annexing  thereto  the 
degrees  from  the  N.  or  S;  and  this  is  the  same  as 
the  quartered  compass. 

If  you  keep  the  compass  box  on,  to  see  the  mu- 
tual agreement  of  the  two  instruments;  after  having  ^ 
fixed  the  theodolite  north  and  south,  as  before ; 
turn  the  index  about  with  the  north  end  or  flower- 
de-luce  next  your  eye,  and  count  the  degree  to  the 
opposite,  or  south  end  of  the  index,  and  this  will 
correspond  with  the  degree  cut  by  the  south  end 
of  the  needle. 
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At  the  second,  or  next  station,  unscrew  the  in- 
strument, and  set  the  south  of  the  index  to  the  de- 
gree of  the  last  station ;  turn  the  whole  about,  with 
the  south  of  the  index  to  you,  and  cut  the  object  at 
the  foregoing  station  ;  screw  the  instrument  fast, 
and  with  the  north  of  the  index  to  you,  cut  the 
object  at  the  next  following  station,  the  degree  then 
cut  by  the  south  of  the  index,  will  correspond  with 
the  degree  cut  by  the  south  end  of  the  needle,  an(J 
so  through  the  whole. 

Some  theodolites  have  a  standing  pair  of  sights 
fixed  at  360  and  180,  besides  those  on  the  movea- 
ble index  ;  if  you  would  use  both,  look  through 
the  standing  sights,  with  the  180  next  you,  to  an 
object  at  the  foregoing  station  :  screw  the  instru- 
ment fast,  and  dii'ect  the  upper  sights  on  the  move- 
able index,  to  the  object  at  the  following  station, 
and  the  degree  cut  by  the  opposite  end  of  the  in- 
dex, will  give  you  the  quantity  of  the  angle  of  the 
field. 

Two  pair  of  sights  can  be  of  no  use  in  finding  the 
angles  from  the  meridian;  and  inasmuch  as  one  pair 
is  sufficient  to  find  the  angles  of  the  field,  the  se- 
cond can  be  of  no  use  :  besides,  they  obstruct  the 
free  motion  of  the  moveable  index,  and  therefore 
are  rather  an  incumbrance  than  of  any  real  use. 
Some  will  have  it,  that  they  are  useful  with  the 
others,  for  setting  off*  a  right  angle,  in  taking  an 
ofi'-set :  and  surely  this  is  as  easily  performed  by 
the  one  pair  on  the  moveable  index :  thus,  if  you 
lay  the  index  to  360  and  180,  and  cut  the  object 
either  in  the  last  or  following  station,  screw^  the  in- 
strument fast,  and  turn  the  index  to  90  and  270, 
and  then  it  will  be  at  right  angles  with  the  line.  So 
that  the  small  sights,  at  those  of  the  circle,  can  be 
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of  no  additional  use  to  the  instrument,  and  there- 
fore should  be  laid  aside  as  useless. 

This  instrument  maybe  used  in  windy  and  rainy 
weather,  as  well  as  in  mountainous  and  hilly 
grounds ;  for  it  does  not  require  an  horizontal  po- 
sition to  find  the  bearing,  or  angle,  as  the  needle 
doth ;  and  therefore  is  preferred  to  any  instrument 
that  is  governed  by  the  needle. 


THE  SEMICIRCLE. 


T 


HIS  instrument,  as  its  name  imports,  is  ^  half 
circle,  divided  from  its  diameter  into  180  degrees, 
and  from  thence  again,  that  is,  from  0,  to  360  de- 
grees :  it  is  generally  made  of  brass,  and  is  from 
8  to  18  inches  diameter. 

On  the  centre  there  is  a  moveable  index  with 
sights,  on  which  is  placed  a  circumferentor-box, 
as  in  the  theodolite. 

This  instrument  may  be  used  as  the  theodolite 
in  all  respects  ;  but  with  this  difference,  when  you 
are  to  reckon  the  degree  to  that  end  of  the  index 
which  is  off  the  semicircle,  you  may  find  it  at 
the  other  end,  reckoning  the  degree  from  180  for- 
wards. 
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THE 

PLANE  TABLE. 

PLANE  TABLE  is  an  oblong  of  oak,  or 
other  wood,  about  15  inches  long,  and  12  broad  ; 
they  are  generally  composed  of  3  boards,  which 
are  easily  taken  asunder,  or  put  together,  for  the 
convenience  of  carriage. 

There  is  a  box  frame,  with  6  joints  in  it,  to  take 
off  and  put  on  as  occasion  serves ;  it  keeps  the 
table  together,  and  is  likewise  of  use  to  keep  down 
a  sheet  of  paper  which  is  put  thereon.        -^ 

The  outside  of  the  frame  is  divided  into  inches 
and  tenths,  which  serve  for  ruling  parallels  or 
squares  on  the  paper,  or  for  shifting  it,  when  occa- 
sion serves. 

The  inside  of  the  frame  is  divided  into  360  de- 
grees, which,  though  unequal  on  it,  yet  are  the  de- 
grees of  a  circle  produced  from  its  centre,  or  cen- 
tre of  the  table,  wliere  there  is  a  small  hole. 

The  degrees  are  subdivided  as  small  as  their 
distance  w  ill  admit ;  at  every  tenth  degree  are  two 
numbers,  one  the  number  of  degrees,  the  other 
its  complement  to  360. 

There  is  another  centre  hole  about  i  of  the 
table's  breadth  from  one  edo;e,  and  i,s  in  the  mid^ 
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die  between  the  two  ends.  To  this  centre  hole 
on  the  other  side  of  the  frame,  there  are  the  divi- 
sions of  a  semicircle,  or  180  degrees  ;  and  these 
again  are  subdivided  into  halves,  or  quarters,  as 
the  size  of  the  instrument  will  admit. 

That  side  of  the  frame  on  which  the  360  de- 
grees are,  supplies  the  place  of  a  theodolite,  the 
other,  that  of  a  semicircle. 

There  is  a  circumferentor-box  of  wood,  with  a 
paper  chart  at  the  bottom,  applied  to  one  side  of 
the  table  by  a  dove-tail  joint,  fastened  by  a  screw* 
This  box  Tbesides  its  rendering  the  plane  table  ca- 
pable of  answering  the  end  of  a  circumferentor) 
is  very  useful  for  placing  the  instrument  in  the 
same  position  every  remove. 

There  is  a  brass  ruler  or  index,  of  about  two 
inches  broad,  with  a  sharp  or  fiducial  edge,  at  each 
end  of  which  is  a  sight ;  on  the  ruler  are  scales 
of  equal  parts,  with  and  without  diagonals,  and  a 
scale  of  chords ;  the  whole  is  fixed  on  a  ball  and 
socket,  and  set  on  a  three-legged  statf. 

To  take  the  angles  of  a  Jield  by  the  tables 

Having  placed  the  instrument  at  the  first  station, 
turn  it  about  till  the  north  end  of  the  needle  be 
over  the  meridian,  or  flower-de-luce  of  the  box,  and 
there  screw  it  fast.  Assign  any  convenient  point, 
to  which  apply  th^  edge  of  the  index,  so  as  through 
the  sights  you  may  see  the  object  in  the  last  sta- 
tion, and  by  the  edge  of  the  index  from  the  point 
draw  a  line.  Again,  turn  about  the  index  with  its 
edge  to  the  same  point,  and  through  the  sights  ob- 
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serve  the  object  in  the  second  station,  and  from  the 
point,  by  the  edge  of  the  index,  draw  another  line; 
so  is  the  angle  laid  down  ;  on  that  last  line  set  off 
the  distance  to  the  second  station,  in  chains  and 
links ;  apply  your  instrument  to  the  second  sta- 
tion, taking  the  angle  as  before ;  and  after  the  lil^e 
manner  proceed  till  the  whole  is  finished. 

This  method  may  be  used  in  good  weather,  if 
the  needle  be  well  touched  and  play  freely ;  but 
if  it  be  in  windy  weather,  or  the  needle  out  of  or- 
der, it  is  better,  after  having  taken  the  first  angle 
as  before,  and  having  removed  your  instrument  to 
the  second  station,  and  placed  the  needle  over  the 
meridian  line  as  before,  to  lay  the  index  on  the  last 
drawn  line,  and  look  backward  through  the  sights  ; 
if  you  then  see  the  object  in  the  first  station,  tlie 
table  is  fixed  right,  and  the  needle  is  true ;  if  not, 
turn  the  table  about,  the  index  lying  on  the  last 
line,  till  through  the  sights  you  see  the  object  in  the 
first  station  :  and  then  screw  it  fast,  and  keeping 
the  edge  of  the  index  to  the  second  station,  direct 
your  sights  to  the  next ;  draw  a  line  by  the  edge 
of  the  index,  and  lay  off  the  next  line  ;  and  pro- 
ceed through  the  whole  without  using  the  needle, 
as  you  do  with  the  theodolite. 

If  the  sheet  of  paper  on  the  table  be  not  large 
enough  to  contain  the  map  of  the  ground  you 
survey,  you  must  put  on  a  clean  sheet,  w^hen  the 
other  is  full ;  and  this  is  called  shifting  of  paper, 
and  is  thus  performed. 

PL.  e.jig,  8. 

Let  ABCD  represent  the  sheet  of  paper  on  the 
plane  table,  upon  which  the  plot  E,  F,  G,  H,  L 
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K,  L,  My  is  to  be  drawn  ;  let  the  first  station  be 
JE;  proceed  as  before  from  thence  to  F,  and  to  G; 
then  proceeding  io  H,  you  find  there  is  not  roona 
on  your  paper  for  the  line  GH;  however  draw  as 
much  of  the  line  GH,  as  the  paper  can  hold,  or 
draw  it  to  the  paper's  edge.  Move  your  instru- 
ment back  to  the  first  station  E,  and  proceed  the 
contrary  way  to  M,  and  to  L  j  but  in  going  from 
thence  to  K,  you  again  find  your  sheet  will  not 
hold  it ;  however,  draw  as  much  of  the  line  LK 
on  the  sheet  as  it  can  hold. 

Take  that  sheet  off*  the  table,  first  observing 
the  distance  oo  of  the  lines  GH  and  LK,  by  the 
edge  of  the  table  ;  take  off  that  sheet,  and  mark 
it  with  No.  1,  to  signify  it  to  be  the  first  taken  off. 
Having  then  put  on  another  sheet,  lay  that  dis- 
tance 00  on  the  contrary  end  of  the  table,  and  so 
proceed  as  before,  with  the  residue  of  the  survey, 
from  o  to  H,  to  Ky  and  thence  to  o  ;  so  is  your 
survey  complete. 

In  the  like  manner  you  may  proceed  to  take  off*, 
and  put  on,  as  many  sheets  as  are  convenient ;  and 
these  may  afterwards  be  joined  together  with 
mouth  glue,  or  fine  white  wafer^i^very  thin. 

If  the  index  be  fixed  to  the  first  centre,  using 
the  360  side,  it  will  then  serve  as  a  theodolite, 
and  when  to  the  second  centre,  using  the  1 80  side, 
it  w  ill  serve  as  a  semicircle  ;  by  either  of  which 
you  may  survey  in  rainy  weather,  when  you  can- 
not have  paper  on  the  table. 
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To  MEASURE  Angles  of  Altitude  by  the  Ciii= 

CUMFERENTOR,  THEODOLITE,  SEMICIRCLE, 

OR  Plane  Table. 

1.  To  take  an  angle  of  altitude^  by  the  circumferentor. 

JLiET  the  glass  lid  be  taken  off,  and  let  the 
instrument  be  turned  on  one  side,  with  the  stem 
of  the  ball  into  the  notch  of  the  socket,  so  that  the 
circle  may  be  perpendicular  to  the  plane  of  the 
horizon  ;  let  the  instrument  be  placed  in  this  situa- 
tion before  the  object,  so  that  the  top  thereof  may 
be  seen  through  the  sights  ;  let  a  plummet  be  sus- 
pended from  the  centre  pin,  and  the  object  being 
then  observed,  the  complement  of  the  number  of 
degrees,  comprehended  between  the  thread  of  the 
plummet,  and  that  part  of  the  instrument  which  is 
next  your  eye,  will  give  the  angle  of  altitude  re- 
quired** 

2.  If  an  angle  of  altitude  is  to  be  taken  by  the 
theodolite,  or  semicircle,  let  a  thread  be  run  through 
a  hole  at  the  centre,  and  a  plummet  be  suspended 
by  it ;  turn  the  instrument  on  one  side,  by  the  help 
of  the  ball  and  notch  in  the  socket  for  that  purpose, 
so  that  the  thread  may  cut  90,  having  360  degrees 
rext  j^ou  ;  screw  it  fast  in  that  position,  and  through 
the  sights  cut  the  top  of  the  objects  ;  and  the  de- 
grees then  cut  by  the  end  of  the  index  next  you, 
are  the  degrees  of  elevation  required.  An  angle 
of  depression  is  taken  the  contrary  way, 

Z 
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3.  By  the  plane  table  an  angle  of  altitude  is  ta- 
ken in  the  like  manner,  by  suspending  a  plummet 
from  the  centre  thereof,  having  turned  the  table  on 
one  side,  and  fixed  the  index  to  the  centre  by  a 
screw,  so  as  to  move  freely,  let  the  thread  cut  90, 
look  through  the  sights  as  before,  and  you  have 
the  angle  of  elevation,  and  on  the  contrary  that 
of  depression. 
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THE 

PROTRACTOR; 


HE  protractor  is  a  semicircle  annexed  to  a 
scale,  and  is  made  of  brass,  ivory,  or  horn ;  its  di- 
ameter  is  generally  about  five  or  six  inches. 

The  semicircle  contains  three  concentric  semi- 
circles at  such  distances  from  each  other,  that  the 
spaces  between  them  may  contain  figures. 

The  outward  circle  is  numbered  from  the  right 
to  the  left  hand,  with  10,  20,  30,  c^c.  to  180  de- 
grees ;  the  middlemost  the  same  way,  Irom  180  to 
360  degrees  ;  and  the  innermost  from  the  upper 
edge  of  the  scale  both  ways,  from  10,  20,  30,  Sfc. 
to  90  degrees. 

It  is  easy  to  conceive  that  the  protractor,  though 
a  semicircle,  may  be  made  to  supply  the  place  of  a 
whole  circle  ;  for  if  a  line  be  drawn,  and  the  cen- 
tre-hole of  the  protractor  be  laid  on  any  point  in 
that  line,  the  upper  edge  of  the  scale  corresponding 
with  that  line,  the  divisions  on  the  edge  of  the  se- 
micircle will  run  from  0  to  180,  from  right  to  left: 
again,  if  it  be  turned  the  other  way,  or  downwards, 
keeping  the  centre-hole  thereof  on  the  aforesaid 
point  in  the  line,  then  the  divisions  will  run  from 
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180  to  360,  and  so  completes  an  entire  circle 
with  the  former  semicircle. 

Tiie  use  of  the  protractor  is  to  lay  off  angles, 
and  to  delineate  or  draw  a  map,  or  plan  of  any 
ground  from  the  field  notes ;  and  is  performed  in 
the  following  manner. 


To  protract  a  field-book-^  when  the  angles  are  taken  from  the 
meridian. 


'       PL,6.fig.9. 

On  your  paper  nile  lines  parallel  to  each  other, 
at  an  inch  asunder  (being  most  usual),  or  at  any 
other  convenient  distance  ;  on  the  left  end  of  the 
parallels  put  N.  for  north,  and  on  the  right  S.  for 
south ;  put  E,  at  the  top  for  east,  and  W.  at  the 
bottom  of  your  paper  for  west. 

Then  let  the  following  field-book  be  that  which 
is  to  be  protracted,  the  bearings  being  taken  from 
the  jneridian,  whether  by  a  circumferentor,  theo- 
dolite, or  semicircle,  and  measured  with  a  two* 
pole  chain. 


No. 

Bearing. 
283f 

Ch.  L. 

1 

55.20 

2 

348^ 

12.36 

3 

317 

29.20 

4 

266 

55.20 

5 

193 

40.00 

6 

124 

76.00 

7 

631 

87.02 

Close  at  the  first  station, 
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Pitch  upon  any  convenient  point  on  your  paper 
for  your  first  station,  as  at  1,  on  which  lay  the  cen- 
tre-hole of  your  protractor,  with  a  protracting 
pin ;  then  if  the  degrees  be  less  than  180,  turn  the 
arc  of  your  protractor  downwards,  or  towards  the 
west ;  but  if  more  than  180,  upwards,  or  towards 
the  east. 

Or  if  the  right  hand  be  made  the  north,  and 
the  left  the  south,  the  w^est  will  be  then  up,  and 
the  east  down. 

In  this  case,  if  the  degree  be  less  than  180,  turn 
the  arc  of  your  protractor  upwards,  or  towards 
the  west;  and  if  more,  downwards,  or  towards 
the  east. 

By  the  foregoing  field-booli,  the  first  bearing  is 
283i,  turn  the  arc  of  your  protractor  upwards^ 
keeping  the  pin  in  the  centre-hole,  move  the  pro- 
tractor so  that  the  parallel  lines  may  cut  opposite 
divisions,  either  on  the  ends  of  the  scale,  or  on 
the  degrees,  and  then  it  is  parallel.  This  must  be 
always  first  done,  before  you  lay  off  your  degrees. 

Then  by  the  edge  of  the  semicircle,  keeping  tlie 
protractor  steady,  with  the  pin  prick  the  first  bear- 
ing 283t,  and  from  the  centre  point,  through  that 
point  or  prick,  draw  a  blank  line  with  the  pin,  on 
which  from  a  scale  of  equal  parts,  or  from  the 
scale's  edge  of  the  protractor,  lay  off  the  distance 
bbC,  20i.  so  is  that  station  protracted. 

At  the  end  of  the  first  station,  or  at  2,  which 
is  the  beginning  of  the  second,  with  the  pin  place 
the  centre  of  the  protractor,  turning  the  arc  up, 
because  the  bearing  of  the  second  station  is  more 
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than  180,  vis,  3481.  Place  your  protractor  pa-^ 
rallel  as  before,  and  by  the  edge  of  the  semicircle," 
with  the  pin  prick  at  that  degree,  through  which 
and  the  end  of  the  foregoing  station,  draw  a  blank 
line,  and  on  it  set  the  distance  of  that  station. 

In  the  like  manner  proceed  through  the  whole, 
only  observe  to  turn  the  arc  of  your  protractor 
down,  when  the  degrees  are  less  than  180. 

If  you  lay  off  the  stationary  distances  by  the 
edge  of  the  protractor,  it  is  necessary  to  observe, 
that  if  your  map  is  to  be  laid  down  by  a  scale  of 
40  perches  to  an  inch,  every  division  on  the  pro- 
tractor's edge  will  be  one  two-pole  chain ;  i  a  di- 
vision Avill  be  25  links,  and  ^  of  a  division  will  be^. 
12i:  links. 

If  your  map  is  to  be  laid  down  by  a  scale  of  20 
perches  to  an  inch,  two  divisions  will  be  one  two- 
pole  chain ;  one  division  will  be  25  links ;  2  a 
division  12j  links,  and  i  of  a  division  will  be 
6i  links. 

In  general,  if  25  links  be  multiplied  by  the  num- 
ber of  perches  to  an  inch,  the  map  is  to  be  laid 
down  by,  and  the  product  be  divided  by  20  (or 
w^hich  is  the  same  thing,  if  you  cut  off  one  and  take 
the  half),  you  will  have  the  value  of  one  division 
on  the  protractor's  edge,  in  links  and  parts. 


Examples. 


1.  How  many  links  in  a  division,  if  a  map  be 
laid  down  by  a  scale  of  8  perches  to  an  inch  ? 


# 
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25 
8 

2|0)20|0 

'  10  links.  Answer. 

2.  How  many  links  in  a  division,  if  a  map  be 
laid  down  by  a  scale  of  10  perches  to  an  inch  ? 
25 
10 


2|0)25|0 


12.5  or  12Hinks.  Answer. 


And  so  of  any  other. 

To  firotract  ajield-book^  taken  by  the  angles  of  the  field. 

Note.  We  here  suppose  the  land  surveyed  is 
kept  on  the  right  hand  as  you  survey. 

Draw  a  blank  line  with  a  ruler  of  a  length  greater 
than  the  diameter  of  the  protractor ;  pitch  upon 
any  convenient  point  therein,  to  which  apply  the 
centre-hole  of  your  protractor  with  your  pin,  turn- 
ing the  arc  upwards  if  the  angle  be  less  than  180, 
and  downwards  if  more  ;  and  observe  to  keep  the 
upper  edge  of  the  scale,  or  180  and  0  degrees  upon 
the  line  :  then  prick  off  the  number  of  degrees  con- 
tained in  the  given  angle,  and  draw  a  line  from  the 
first  point  through  the  point  at  the  degrees ;  upon 
which  lay  the  stationary  distance.  Let  this  line  be 
lengthened  forwards  and  backwards,  keeping  your 
first  station  to  th§  right,  and   second  to  the  left ; 
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and  lay  the  centre  of  your  protractor  over  the  se- 
cond station,  with  your  pin,  turning  the  arc  up- 
wards, if  the  angle  be  less  than  180,  and  down- 
wards, if  more ;  and  keeping  the  180  and  0  degrees 
on  the  line,  prick  ofl'  llie  number  of  degrees 
contained  in  the  given  angle,  and  through  that 
point  and  the  last  station  draw  a  line,  on  which 
lay  the  stationary  distance ;  and  in  like  manner 
proceed  through  the  whole. 

In  all  protractions,  if  the  end  of  the  last  station 
falls  exactly  in  the  point  you  began  at,  the  field- 
work  and  protraction  are  truly  taken,  and  perform- 
ed ;  if  not,  an  error  must  ha^  e  been  committed  in 
one  of  them  :  in  such  case  make  a  second  pro- 
traction; if  this  agrees  with  the  former,  and  neither 
m-^et  nor  close,  the  fault  is  in  the  field-work,  and 
not  in  the  protection  ;  and  then  a  re-survey  must 
be  taken. 

REMARKS. 

The  accuracy  of  geometrical  and  trigonometri- 
cal mensuration,  depends  in  a  great  degree  on  the 
exactness  and  perfection  of  the  instruments  made 
use  of  ;  if  these  are  defective  in  construction,  or 
difficult  in  use,  the  surveyor  will  either  be  subject 
to  error,  or  embarrassed  with  continual  obstacles. 
If  the  adjustments,  by  which  they  are  to  be  ren- 
dered fit  for  observation,  be  troublesome  and  in- 
convenient, they  will  be  taken  upon  trust,  and  the 
instrument  will  be  used  without  examination,  and 
thus  subject  the  surveyor  to  errors,  that  he  can 
neither  account  for,  nor  correct. 

In  the  present  state  of  science,  it  may  be  laid 
down  lis  a  maxim,  that  every  instrument  should  be 
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so  contrived,  that  the  observer  may  easily  examine 
and  rectify  the  principal  parts;  for  however  care- 
ful the  instrument-maker  may  be,  however  perfect 
the  execution  thereof,  it  is  not  possible  that  any 
instrument  should  long  remain  accurately  fixed 
in  the  position  in  which  it  came  out  of  the  maker's 
hand,  and  therefore  the  principal  parts  should  be 
moveable,  to  be  rectified  occasionally  by  the  ob- 
server. 

AN    ENUMERATION     OF    INSTRUMENtS    USEFtTL    TO 
A   SURVEYOR  ; 

Fewer  or  more  of  which  will  be  wanted,  accord- 
ing to  the  extent  of  his  work,  and  the  accuracy 
required. 

A  case  of  good  pocket  instruments. 

A  pair  of  beam  compasses. 

A  set  of  feather-edged  plotting  scales. 

Three  or  four  parallel  rules. 

A  pair  of  proportional  compasses. 

A  pair  of  triangular  ditto. 

Apantagraph. 

A  cross  staff. 

A  circumferentor. 

An  Hadley's  sextant. 

An  artificial  horizon. 

A  theodolite. 

A  surveying  compass. 

Measuring  chains,  and  measuring  tapes. 

King's  surveying  quadrant. 

A  perambulator,  or  measuring  wheel, 

A  spirit  level  with  telescope. 

Station  staves,  used  with  the  level 

A  protracter,  with  or  without  a  nonius. 

To  be  added  for  county  and  marine  surveying  ; 

An  astronomical  qi\adrant,or  circular  instrument. 
xjL  a 
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A  good  refracting  and  reflecting  telescope. 
A  copying  glass. 

For  marine  aurveying  ; 

A  station  pointer. 

An  azimuth  compass. 

One  or  two  boat  compasses. 

Besides  these,  a  number  of  measuring  rods,  iron 
pins,  or  arrows,  &c.  will  be  found  very  convenient, 
and  two  or  three  offset  staves,  which  are  straight 
pieces  of  wood,  six  feet  seven  inches  long,  and 
about  an  hich  and  a  quarter  square  ;  they  should 
be  accurately  divided  into  ten  equal  parts,  each  of 
which  will  be  equal  to  one  link.  These  are  used 
for  measuring  otfsets,  and  to  examine  and  adjust 
the  chain. 

Five  or  six  staves  of  aboutfive  feet  in  length,  and 
one  inch  and  an  half  in  diameter,  the  upper  part 
painted  w^hite,  the  lower  end  shod  with  iron,  to  be 
struck  into  the  ground  as  marks. 

Twenty  or  more  iron  arrows,  ten  of  which  are 
always  wanted  to  use  with  the  chain,  to  count  the 
number  of  links,  and  preserve  the  direction  of  the 
chain,  so  that  the  distance  measured  may  be  really 
in  a  straight  line. 

The  pocket  measuring  tapes,  in  leather  boxes,  are 
often  very  convenient  and  useful.  They  are  made 
to  the  different  lengths  of  one,  two,  three,  four 
poles,  or  sixty-six  feet  and  100  feet ;  divided,  on 
one  side,  into  feet  and  inches,  and  on  the  other 
into  links  of  the  chain.  Instead  of  the  latter,  are 
sometimes  placed  the  centesimals  of  a  yard,  or 
three  feet  into  100  equal  parts. 
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SECTION  II. 

MENSURATION 

OF  HEIGHTS  AND  DISTANCES. 

Ist.  Of  Heights,  ^ 

Pl.  5.  Jig,  18. 


Ti 


HE  instrument  of  least  expence  for  taking 
heights,  is  a  quadrant,  divided  into  ninety  equal 
parts  or  degrees ;  and  those  may  be  subdivided 
into  halves,  quarters,  or  eighths,  according  to  the 
radius,  or  size  of  the  instrument :  its  construction 
will  be  evident  by  the  scheme  thereof. 

From  the  centre  of  the  quadrant  let  a  plummet 
be  suspended  by  a  horse  hair :  or  a  fine  silk  thread 
of  such  a  length  that  it  may  vibrate  freely,  near 
the  edge  of  its  arc :  by  looking  along  the  edge 
ACy  to  the  top  of  the  object  wliose  height  is  re- 
quired ;  and  holding  it  perpendicular,  so  that  the 
plummet  may  neither  swing  from  it,  nor  lie  on  it; 
the  degree  then  cut  by  the  hair,  or  thread,  will  be 
the  angle  of  altitude  required.    , 

If  the  quadrant  be  fixed  upon  a  ball  and  socket 
on  the  three-legged  staff,  and  if  the  stem  from  the 
ball  be  turned  into  the  notch  of  the  socket,  so  as 
to  bring  the  instrument  into  a  perpendicular  posi- 
tion, the  angle  of  altitude  by  this  means,  can  be 
acquired  with  much  greater  certainty. 

An  angle  of  altitude  may  be  also  taken  by  any 
of  the  instruments  used  in  siuveying ;  as  has  been 
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particularly  shown  in  treating  of  their  description 
and  uses. 

Most  quadrants  have  a  pair  of  sights  fixed  on 
the  edge  AC,  with  small  circular  holes  in  them ; 
which  are  useful  in  taking  the  sun's  altitude,  re- 
quisite to  be  known  in  many  astronomical  cases ; 
this  is  effected  by  letting  the  sun's  ray,  which  pas- 
ses through  the  upper  sight,  fall  upon  the  hole  in 
the  lower  one ;  and  the  degree  then  cut  by  the 
thread,  w^ill  be  the  angle  of  the  sun's  altitude  ;  but 
those  sights  are  useless  for  our  present  purpose, 
for  looking  along  the  quadrant's  edge  to  the  top 
of  the  object  will  be  sufficient,  as  before* 

PROS,  I 

Pl,  5.  Jig,  19. 

To^nd  the  height  cj  a  fierjiendkular  object  at  one  HatioUy  which  is 
on  an  horizontal  filane, 

A  steeple. 

TThe  angle  of  altitude,  53  degrees. 
I  Distance  from  the  observer  to  the  foot 
Given,  <i      of  the  steeple,  or  the  base,  85  feet. 
Height  of  the  instrument,  or  of  the  ob- 
l^     server,  5  feet. 

Required,  the  height  of  the  steeple. 

The  figure  is  constructed  and  wrought,  in  all 
respects,  as  case  2.  of  right-angled  trigonometry ; 
only  there  must  be  a  line  drawn  parallel  to,  and 
beneath  AB  of  5  feet  for  the  observer's  height,  to 
represent  the  plane  upon  which  the  object  stands; 
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lo  which  the  perpendicular  must  be  continued, 
and  that  will  be  the  height  of  the  object. 

Thus,  AB  is  the  base,  A  the  angle  of  altitude, 
BC  the  height  of  the  steeple  from  the  instrument, 
or  from  the  observer's  eye,  if  he  were  at  the  foot 
of  it ;  i>Cthe  height  of  the  steeple  above  the  ho- 
rizontal surface. 


Various  statings  for  i?C,  as  in  case  2»  of  right- 
angled  plane  trigonometry. 


90- 
37=C. 


1.  8.C:AB::S.A:Ba 

37°       85  53°     112.8. 


2.  R. :  AB : :  T.  A  :  BC, 
90°     85         53°      112.8, 

3.  T.C:AB::R.:BC. 
37»      85       90°      112.8 

ToBC  112.8  % 

Add  DB  5.  the  height  of  the  observer. 


Their  sum  is  117.  8  or  118  feet,  the  height  of 
the  steeple  required. 


182  OF  HEIGHTS. 

PROB.  11. 

Pl.  S.fg.  20. 

To  find  the  height  of  a  fierfiendicular  object,  on  an  horizontal  filane  s 
by  having  the  length  of  the  shadow  given. 

Provide  a  rod,  or  staff,  whose  length  is  given, 
let  that  be  set  perpendicular,  by  the  help  of  a 
quadrant,  thus ;  apply  the  side  of  the  quadrant 
AC\  to  the  rod,  or  staff ;  and  when  the  thread  cuts 
90°.  it  is  then  perpendicular ;  the  same  may  be 
done  by  a  cai-penter's  or  mason's  plumb. 

Having  thus  set  the  rod  or  staff  perpendicu- 
lar ;  measure  the  length  of  its  shadow,  when  the 
sun  shines,  as  well  as  the  length  of  the  shadow  of 
the  object,  whose  height  is  required ;  and  you 
have  the  proper  requisites  given.     Thus, 

aby  the  length  of  the  shadow  of  the  staff,  15  feet, 

le,  the  length  of  the  staff,  10  feet. 

AB,  the  length  of  the  shadow  of  the  steeple,  or 
object,  135  feet. 

Required  BC,  the  height  of  the  object. 

The  triangles  abc,  ABC,  are  similar,  thus  ; 
the  angle  b=By  being  both  right ;  the  lines  ac, 
AC  are  parallel,  being  rays,  or  a  ray  of  the  sun  ; 
whence  t*he  angle  a^A  (by  part  3.  theo.  3.  sect. 
4.)  and  consequently  c=C,  The  triangles  being 
therefore  mutually  equiangular,  are  similar  (by 
theo.  16.  sect.  4)  it  will  be. 
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ah  :  he  : :  AB  :  BC. 

15  10  135  90.  the  steeple's  height,  required. 

The  foregoing  method  is  most  to  be  depended 
on  5  however,  this  is  mentioned  for  variety's  sake. 


PROB.  III. 


Pl,  5.  Jig,  21. 

To  take  the  altitude  of  a  fierfiendicular  object ^  at  the  foot  of  a  hillf 
from  the  hilVs  side. 

Turn  the  ce^itre  A  of  the  quadrant,  next  your 
eye,  and  look  along  the  side  AC,  or  90  side,  to  the 
top  and  bottom  of  the  object ;  and  noting  down 
the  angles,  measure  the  distance  from  the  place  of 
observation  to  the  foot  of  the  obiect.    Thus, 


Angle  to  the  foot  of  the  object,   bb^ 

p.  •      or  bb\  15' 

uiven,  ^  ^^gi^  ^^  ^^^  ^^p  ^^  .^^  3joi  ^j.  3p^  j^, 

Distance  to  the  foot  of  it,  250  feet. 
Required,  the  height  of  the  object. 

By  Construction. 

Draw  an  indefinite  blank  line  ADy  at  any  point 
in  which  A  make  the  angles  EAB  of  b^",  15',  and 
EAC  of  3P.  15' ;  lay  250  from  Aio  B  ;  from  B, 
draw  the  perpendicular  BE  (by  prob.  7  of  geome- 
try (crossmg  AC  in  C^  so  will  BC  be  the  height 
of  the  object  required. 

fn  the  triangle  ABC  there  is  given. 
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ABE  the  complement  of  EAB  to  90«,  which 
is  34^  45'. 

CAB  the  diflerence  of  the  given  angle  24".00'. 

The  side  .4jB,  250.    Required,  J5C. 

This  is  performed  as  case  2.  of  oblique  angular 
trigonometry.     Thus, 

180— the  sum  of  ABE  34».  45',  andC.4jB24% 
00'=^CB  121°.  15'.     Then, 

S.  ACB  :  AB  : :  S.  CAB  :  BC 
12r.  15'  250  24^  00'  119,  the  height  requk« 
td, 

PROB.  ir. 

Fl,  5.  Jig.  22. 

To  take  the  altitude  of  a  fierfiendicular  object »  on  the  top,  of  a  hill, 
atone  station  i  when  the  top.  and  bottom  of  it  can  be  seen  from 
the  foot  of  the  hilL 

As  in  prob.  1.  take  an  angle  to  the  top,  and 
another  to  the  bottom  of  the  object ;  and  measure 
from  the  place  of  observation  to  the  foot  of  the 
object,  and  you  have  all  the  given  requisites. 
Thus, 

A  Tower  on  a  hill. 

i  Angle  to  the  bottom,  48<».  3®'. 
Given,  }  Angle  to  the  top,  67^  OO'. 

(  Disttothe  foot  of  the  object,  136  feet. 
Required,  the  height  of  the  object. 
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By  Construction. 

Make  the  angle  1>^^=48^  30^  and  lay  136 
feet  from  Aio  B  ;  from  B,  let  fall  the  perpendi- 
cular BD  ;  and  that  will  be  the  height  of  the  hill ; 
produce  BD  upwards  by  a  blank  line  :  again,  at 
A,  make  the  angle  Z>^C=  67°  00'  by  a  blank  line^ 
and  from  C  where  that  crosses  the  perpendicular 
produced,  dj-aw  the  line  CjB,  and  that  wfll  be  the 
height  of  the  object  required^ 

Let  ^C  be  drawn. 

In  the  triangle  ABCy  there  is  given. 

The  angle  ACD  thfe  complement  of  DAC=^ 
S3°.  00'. 

CAB  the  difference  between  the  two  given  an- 
gles =18^  30'. 

Aiid  the  Mq  AB  136.    To  find  BC 

SC::AB::8.CAB:BC. 

23*^        136  18*.  30'  llOi 

If  BB  were  wanted,  it  is  easily  obtained,  by 
the  first  case  of  right-angled  plane  trigonometry^ 

PROB.  r. 

Pl,  5.  Jig.  23. 


To  take  an  inaccessible  fierfiendicular  altitude^  on  a  HorizcnttCl 

plane, 

ThSs  is  done  at  two  stations,  thug : 
Bb 
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Let  DC  be  a  tower  which  cannot  be  approached 
by  means  of  a  moat  oi  ditch,  nearer  than  B  ;  at 

B,  take  an  angle  of  altitude,  to  C:  measure  any- 
convenient  distance  backward  to  A,  which  note; 
down;  at  A,  take  another  angle  to  C;  so  have 
you  the  given  requisites,  thus : 

C  First  angle,  55«.  00'. 
Given,  ^  Stationary  distance,  87  feet, 
(  Second  angle,  37«.  00'. 

The  height  of  the  tower  CD,  is  required. 

By  Construction. 

tJpon  an  indefinite  blank  line,  lay  off  the  sta- 
tionary distance  87,  from  ^  to  J5  ;  from  B,  set  off 
your  first ;  and  from  A,  your  second  angle  ;  from 

C,  the  point  of  intersection  of  the  lines  which  form 
these  angles,  let  fall  the  perpendicular  CD  j  and 
that  will  be  the  height  of  the  object  required. 

The  external  angle  CBD,  of  the  triangle  ABC; 
is  equal  to  the  two  internal  opposite  ones.  A,  and 
ACB  (by  theo.  4.  sect.  4.)  :  wherefore  if  one  of 
the  internal  opposite  angles  be  taken  from  the  ex- 
ternal angle,  the  remainder  will  be  the  other  in- 
ternal opposite  one,  thus ; 

CBD  55**—^  3T=ACB  W. 

Therefore  in  the  triangle  ABC;  we  have  th^ 
ancles  v4,  and  J[GjB,  with  the  side  AB  given  to 
find  BC 

S.ACB  liAB  : :  S,  A  :  BC. 
18'  87         37«         169.4 


0 
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Having  found  BC,  we  have  inthe  triangle  BCD 
the  angle  CBD  5,%  consequently  BCD  35"^,  and 
BC  169.4 ;  to  find  DC. 

This  is  performed  by  the  first  case  of  right-an- 
gled trigonometry,  three  several  ways ;  thus  : 

l.R:BC::S,CBD:DC. 

GO^'  169.4  55<»     138.8. 

The  height  required. 

2.  Sec.  dBD  :  BC : :  T.  CBD  :  DC. 

55^      169.4         55«      138.8. 
The  height  required. 

3.  Sec.  BCD<  BC : :  R  :  CD, 

35*         169.4  90«  138.8. 
The  height  required. 

If  BDy  the  breadth  of  the  moat,  were  requir- 
ed ;  it  may  also  be  found,  by  three  different  stat- 
ings,  as  in  the  first  case  of  right-angled  plane  trig- 
onometry. 

PROB.  VI. 

LetBC,  a  may-pole,  whose  height  is  100  feet,  be 
broken  at  D  ;  the  upper  part  of  which,  DC,  falls 
upon  an  horizontal  plane,  so  that  its  extremity,  Cy 
is  34  feet  from  the  bottom  or  foot  of  the  pole. 

Required,  the  segments  BD  and  DC. 

By  Construction. 

Lay  34  feet  from  Aio  B  ;  onB  erect  the  per- 
pendicular jBC  of  100  feet;  and  draw ylC;  bisect 
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AC  (by  prob.  4.  geom.)  with  the  perpendicular 
line,  EFj  and  from  D,  where  it  cuts  the  perpen- 
dicular BC,  draw  AD,  which  will  be  the  upper 
segment ;  and  DB  will  be  the  lower. 


By  cor.  to  lemma,  preceding  theo.  7.  geom. 
AD=DC;  and  (by  the  lemma)  the  angle 
C=CAD, 


In  the  triangle  ABC,  find  C  as  in  case  6,  of  right- 
angled  trigonometry,  thus ; 

I.  BC:  R  : :  AB  :  T.  C^GAD. 
100  90**      34       18°       47' 


By  theo.  4.  geom.  The  external  angle  ABD = 
3T  34',  or  to  twice  the  angle  C,  i.  e.  to  C  and 
GAU 


Then  in  the  triangle  ABD,  there  is  ABD  37<» 
34',  therefore  also  its  complement  DAB  52°  26', 
and  AB  34,  given,  to  find  AD  and  BD. 

By  the  second  case  of  right-angled  trigone- 
Itnetry. 

2.  S.  ADB  :  AB  : :  R  .  AD  or  DQ 
37°     34'       34        90*         55.77. 

BC—DC=BD. 

100—55.77=44.23  requked. 

These  may  be  had  from  other  statings,  as  in  tl^e 
;3econd  case  aforesaid. 
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PROB.  VIL 

Fl,  $.Jig,  25. 


To  take  the  altitude  of  a  fierfiendicular  object  on  a  Ml,  from  a/ilane 
beneath  it. 

This  is  done  at  two  stations,  thus ; 

Let  the  height  DC,  of  a  wind-mill  on  a  hill  be 
required. 

From  any  part  of  the  plane  ^hence  the  foot  of 
the  object  can  be  seen,  let  angles  be  taken  to  the 
foot  and  top ;  measure  thence  any  convenient  dis- 
tance towards  the  object,  and  at  the  end  thereof, 
take  another  angle  to  the  top  :  and  you  have  the 
proper  requisites,  thus ; 

First  station.  Angle  to  the  foot  DAB  21°  00'. 
Angle  to  the  top  CAB  35°  00', 
Stationary  distance  ^.B 1 04  fee t. 

Second  station.  Angle  to  the  top  48°  30, 

JDC  required. 

By  Construction, 

On  an  indefinite  blank  line,  lay  the  stationary 
distance  AB  104  feet ;  from  Ay  set  off  the  second, 
and  from  B,  the  third  given  angle  ;  and  from  the 
intersecting  point  C  of  the  line  formed  by  them, 
let  fall  the  perpendicular  CE  ;  from  A  set  off  the 
|irst  angle,  and  the  line  formed  by  it  will  deter- 
mine  the  point  D,  Thus  have  we  the  height  of 
the  hill^  as  w^ell  as  that  of  the  wind-mill. 
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The  angle  CBE — ^=^CJ5,asinthe  last  prob. 
In  the  triangle  ABC,  find  AC  thus ; 

S,  ACS  :  AB  : :  S.  ACB  (or  sup.  of  CBE)  :  AC 
13*.  30' :  104  :  :  13P.30'  :  333.6 

The  angle  CAE  —  DAE=:=CAD. 

The  angle  ACD^AEBy^EAD,  by  theo.  4. 

In  the  triangle  CAD,  find  CD  thus, 

S.  ADC:  AC :  :  S.  CAD  :  DC 

IIP.  :  333.6  : :         14     :  86.46  required. 

CEy  B  E,  or  DE,  may  be  found  by  other  various 
statings,  as  set  forth  in  the  first  and  second  cases 
of  right-angled  trigonometry. 

PROB.  nil 

Pl.  S.jfis.  26. 

Tojind  the  length  of  an  object y  that  stands  obliquely  on  the  top,  of 
a  hiliyjrom  afilane  beneath. 

Let  CD  be  a  tree  whose  length  is  required. 

This  is  done  at  two  stations. 

Make  a  station  at  B,  from  whence  take  an  angle 
to  the  foot,  and  another  to  the  top  of  the  tree  ; 
measure  any  convenient  distance  backward  to  A^ 
from  whence  also  let  an  angle  be  taken  to  the  foot, 
and  another  to  the  top ;  and  you  have  the  requi- 
sites given.    Thus, 
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First  station.    Angle  to  tbe  foot  EBD=36\  30'. 
Angle  to  the  ioi^  EBC=^U\30\ 
Stationary  distance  ^J5  =  104  feet. 

Second  station.  Angle  to  the  foot  EAB=2i\  30'. 
Angle  to  the  top  EAC=32^  00', 

Let  DC  and  DE  be  required. 

The  geometrical  constructions  of  this  and  the 
next  problem  are  omitted  ;  as  what  has  been  al- 
ready said,  and  the  figures,  are  looked  upon  as  suf- 
ficient helps. 

EBC—A=:=ACB,  or  44^  30'  — 32°.=  12^  30', 
as  before. 


In  the  triangle  ABC,  find  BC.    Thus, 

1.  S.  ACB  :  AB  : :  S.A:  BC. 
12^  30'  104       32«  2bi.7. 


EBD-EAD=^ADB,oi  36'. 30'-24^  30'=  12'*  00'^ 
In  the  triangle  ADBy  find  DB,  thus ; 

2,  S.  ABB  :  AB  : :  S.  DAB :  DB. 
12*^00'       104       24^30'.  207.4 

CBE—DBE-=^CBD,oyU\  30'— 36^  30':;=8«0(y 

In  the  triangle  CBD  there  is  given,  CB  254.7, 
DB  201  A,  and  the  angle  CBD  8«00'^  to  find  DC 

This  is  performed  as  case  3.  of  oblique  angled 
trigonometry^  thus ; 


192  OP  HEIGHTS, 

3.BCxBD:BC—BD::  T.oUBBC+BCDr 

462.1  47.3  86^00'* 

T.  of  ^B  DC— BCD. 
55°.  W. 
86^  00' + 55-,  40'  =  1 4  P.  40'=  BDC. 
86^ OQf  -  55\  40'  =  30^  20'  =::BCD. 

4.  S.  BCD  :  BD  :  :  S.  CBD  :  DC. 

30°.  20'  207.4      8°.  00'        57.15  length  o^ 
the  tree. 

To  find  DE  in  the  triangle  DBE. 

Say  E. :  BD  :  :  S,  DBE  :  DE, 

90°.    207.4     36*.    30'      123.4  height  of  th« 
hUl. 


PBOB.  IX. 

To  find  the  height  of  an  inaccessible  object  CD^  on  a  hill  BCy  from 
ground  that  is  not  horizontal, 

PL.e.jg.i. 

From  any  two  points,  as  G  and  A,  whose  dis- 
tance GA,  is  measured,  and  therefore  given  ;  let 
the  angles  HGD,  BAD,  BAC,  and  EAG,  be  ta- 
ken ;  because  GHh  parallel  to  EA  (by  part  2. 
theo.  3.  geom.)  the  angle  HGA=EAG;  therefore 
EAGxHGD-=^AGD:  and  (by  cor.  1.  theo.  1. 
geom^  180— the  mmof  E AG ^indBAD=  GAD; 
and,  (by  cor.  1.  theo.  5.  geom.(  180  —  the  sum  of 
the  angles  AGD ?in6  GAD=GDA:  thus  we  have 
the  angles  of  the  triangle  AGD,  and  the  side  AG 
given  ;  thefice  (by  case  2.  of  obi.  ang.  trig.)  AD 
may  be  easily  found.  The  angle  DAB  —  CAB 
^DAC,  and  dO^^—BAD^AJDC;  and  180°— the 
sum  of  D AC  diud  ADC^ACD  .•  so  have  we  the 
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several  angles  of  the  triangle  ACI)  given,  and  the 
side  AD  ;  whence  (by  case  2.  of  obi.  trig.)  CD 
may  be  easily  found.  We  may  also  find  AC, 
which  with  the  angle  BAC,  will  give  CB  the 
height  of  the  hill. 

The  solutions  of  the  several  problems  in  heights 
and  distances,  by  Gimter's  scale,  are  omitted;  be- 
cause every  particular  stating  has  been  already 
shewn  by  it,  in  trigonometry. 


Cc 
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A  HE  principal  instruments  used  in  surveying, 
will  give  the  angles  or  bearings  of  lines  j  which  has 
been  particularly  shewn,  when  we  treated  of  them. 

PROB.  L 

Pl.  6,  Jig.  2. 

Let  A  and  B  be  two  houses  on  one  side  of  a 
river,  whose  distance  asunder  is  293  perches : 
there  is  a  tower  at  C  on  the  other  side  of  the  river, 
that  makes  an  angle  at  A,  with  the  line  AB  of 
53«  20' ;  and  another  at  By  with  the  line  BA  of 
66°  20' ;  required  the  distance  of  the  tower  from 
each  house,  vis.  AC  and  BC. 

This  is  performed  as  case  2.  of  oblique  angled 
trigonometry,  thus ; 

l.S.C.AB.S.A.BC. 

60°  20'    293  53*  20'  270.5. 

2.S.C:AB::8.B:AC. 

60°  20'  293    66°  20'  308.8. 


PROB.  II 

PL.e.jig.u, 

Let  B  and  C,  be  two  houses  whose  direct  dis- 
tance asunder,  BC,  is  inaccessible:  however  it  if 
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fU 


known  that  a  house  at  A  is  252  perches  from  B, 
and  230  from  C;  and  that  the  angle  BAC,  is  found 
to  be  70**.  What  is  the  distance  BC,  between  the 
two  houses  ? 

This  is  performed  as  case  3.  of  oblique  angled 
trigonometry,  thus; 

1.  AB+AC  :  AB  —  AC  :  :  T.  of  I  C  +  B  ; 

482  22  55:  00' 

T.  of  i  C—B 

3°  44' 

55«+3*.  44'=58^  44'=C.  55«  — 3*.  44'=5P,  16 

2.  S.C:AB::S.A:Ba 

58^44'     252     70*^     277. 


PROB.  IIL 


Pl.  6.  Jig.  3. 

Suppose  ABC  a  triangular  piece  of  ground;, 
which  by  an  old  survey  we  find  to  be  thus; 
AB  260,  AC  160,  BC  150  perches,  the  mearing 
lines  ^C  and  JBC,  are  destroyed  or  plowed  down, 
and  the  line  AB^  only  remaining.  What  angles 
must  be  set  off  at  A  and  By  to  run  new  mearings 
by  exactly  where  the  old  ones  were  ? 

This  is  performed  as  in  case  4.  of  oblique  an- 
gled trigonometry,  thus ; 

1.  AB:AC+BC  :  :  AC—BC:AD—DB, 
260  310  10  11.92 

\ 
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1 30  +  5.96  =  1 35.96  =AD. 
iJO— 5.96=124.04=I>jB. 

2.  AD  :  R  : :  AC :  Sec.  A. 
136    90* :  :   160     3  P.  47'. 

3.  BC.  S.A'.AC.  S.B. 

150  3V.  47'    160  34*.  10. 

PROS.  IV. 

Pl.  6,  Jig,  4. 

Let  D  and  C,  be  two  trees  in  a  bog,  to  which 
you  can  have  no  nearer  access  than  at  A  and  B  ; 
there  is  given,  DAB  100%  CAB  36°.  30',  CBA 
12l\  DBA  49^  and  the  line  AB  113  perches. 
Required,  the  distances  of  the  trees  DC. 

180»— the  sum  of  D^^  and  DAB==ADB=31<'. 
180O— the  sum  of  C^^  and  CB A  =:ACB= 22,  30. 

In  the  triangle  ABD,  find  DB,  thus ; 

1.  S.  ADB :  AB  : :  S,  DAB  .  DB. 

3V       113  ::  lOO**      216. 

And  in  the  triangle  ABC,  find  BC,  thus  ; 

2.  S.  ACB  :  AB  ::  S,  CAB  :  BC 
22*30'       113      36'*  30'      175.6. 

In  the  triangle  DBCy  you  have  DBC^ABC-- 
ABD==12*;  likewise  the  sides^/>,  BC,  as  before 
found,  given  to  find  DC 

3.BD+BC:  BD-^BC::  T,oi\DCB+CDB: 

391.6         40.4  54*^ 
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T.o{  iDCB—CDB. 

54'  +  8«»  05'  =62»  05'  =DCB, 
54o_8o05'=4^»  55'  =CDB. 

4.  S.  CDB  '  BC'  :  S,  DBC  DC. 
45°  ^5'       175.6  72«  232.5. 

LEMMA. 

Tl.  6.  Jig.  12. 

If  from  afioint  C^ofa  triangle  ABC^  inscribed  in  a  circle^  there  be 
afierfiendicular  CD,  let  fall  ufion  the  opposite  side  AB  ;  thatfier^ 
fiendicular  is  to  one  of  the  sidesy  including  the  angle^  as  the  other 
aide  J  including  the  angle  t  is  to  the  diameter  of  the  circle  y  i.  e.  DC  2 
4C  : :  CB  :  CE. 

Let  the  diameter  GE  be  drawn,  and  join  EB  ;  it 
is  plain  the  angle  CEB=  CAB  (by  cor.  2.  theo. 
7.  giBom.)  andCjBjBis  aright  angle  (by  cor.  5.  theo. 
7.  geom.)  and  =^i)C  ;  whence  ECB=ACI). 
The  triangles  CEB,  CAD,  are  therefore  mutually 
equiangular,  and  (by  theo.  16.  geom.)  DC-  AC:  ; 
CB:CE,ovDC:CB::AC:CE.     Q,  E.  D. 

*  PROB.  V. 

Pl,  6.  fg.  5. 

Let  three  gentlemen's  seats.  A,  B,  C,  be  situate 
in  atriangular  form :  there  is  given,  AB  2. 5  miles, 
AC  2.  3,  and  BC  2.  It  is  required  to  build  a  church 
at  E,  that  shall  be  equi-distant  from  the  seats  A, 
By  C.  What  distance  must  it  be  from  each  seat, 
and  by  what  angle  may  the  place  of  it  be  found? 
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By  Construction. 

By  prob.  1 5.  geom.  Find  the  centre  of  a  circle 
that  will  pass  through  the  points,  A^  B,  C  -  and 
that  will  be  the  place  of  the  church  ;  the  measure 
of  which,  to  any  of  these  points,  is  the  answer  for 
the  distance  :  draw  a  line  from  any  of  the  three 
points  to  the  centre,  and  the  angle  it  makes  with 
either  of  the  sides  that  contain  the  angle  it  was 
drawn  to  ;  that  angle  laid  off  by  the  direction  of 
an  instrument,  on  the  ground,  and  the  distance 
before  found,  being  ranged  thereon,  will  give  th^ 
place  of  the  church  required. 


By  Calculation, 

1.  AB:AC^BC-AC—BC:AD—BB. 
2.5  4.3  .3  .516. 

1 .25+.258 = 1.508= ^jD. 

By  cor.  2.  theo.  14.  geom.  The  square  root  of 
the  difference  of  the  squares  of  the  hypothenuse 
AC,  and  given  leg  AD,  will  give  DC. 

That  is,  5.29—2.274064=3.015936. 
Its  square  root  is  1.736 =C2>. 

Then  by  the  preceding  lemma, 

2,  CD  '  AC: :  CB  :  the  diameter. 
1.736  2.3         2      2.65. 

thehalf  of  which,  viz.  1.325  is  the  semi-diameter, 
or  distance  of  the  church  from  each  seat,  that  is, 
AE,  CE,  BE. 
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From  the  centre  E,  let  fall  a  perpendicular 
upon  any  of  the  sides  as  EF,  and  it  will  bisect  in 
E :  (by  theo.  8.  geom.) 

W  herefore  AF=CF=i  AC=\.l5. 

In  the  right  angled  triangle  AFE,  you  have  AF 
1.15,  and  AE  the  radius  1.325  given,  to  find  FAE^ 
thus  ; 

3.  AF:  R. : :  AE  :  Sec.  FAE. 
1.15  90«       1.325      29M7'. 

Wherefore  directing  an  instrument  to  make  an 
angle  of  29*  47',  with  the  line  AC  ;  and  measur- 
ing 1.325  on  that  line  of  direction,  will  give  the 
place  of  the  church,  or  the  centre  of  a  circle  that 
will  pass  through  A,  B,  and  C, 

The  above  angle  FAE,  may  be  had  without  a 
se«ant,  as  before,  thus  ; 

AE:B:'  AF:  S.AEF. 

1.325  90"      .115  60^1 3^ 

Its  complement  29°.  47',  will  give  FAE,  as  be- 
fore. 

llie  questions  that  may  be  proposed  on  this 
head,  being  innumerable,  we  have  chogen  to  give 
enly  a  few  of  the  most  useful. 
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SECTION  IIL 

Mensuration  of  Areas,  or  the  VARiotTs  me- 
thods  OF   CALCULATING   THE    SUPERFICIAL 
CONTENT   OF   ANY    FIELD. 

DEFINITION. 

1  HE  area  or  content  of  any  plane  surface,  in 
perches,  is  the  number  of  square  perches  which 
that  surface  contains. 

PL.  7.  Jig,  1. 

Let  ABCD  represent  a  rectangular  parallelo- 
gram, or  oblong :  let  the  side  ABy  or  DC,  con- 
tain 8  equal  parts ;  and  the  side  AD,  or  JSC, 
three  of  such  parts  ;  let  the  line  AB  be  moved  in 
the  direction  of  ADy  tillithas  come  to  EF;  where 
AE,  or  BF  (the  distance  of  it  from  its  first  situa- 
tion) may  be  equal  to  one  of  the  equal  parts.  Here 
it  is  evident,  that  the  generated  oblong  ABEF, 
will  contain  as  many  squares  as  the  side  AB  con- 
tains equal  parts,  which  are  8  ;  each  square  hav- 
ing for  its  side  one  of  the  equal  parts,  into  which 
ABy  or  ADy  is  divided.  Again,  let  AB  move 
on  till  it  comes  to  GHy  so  as  GEy  orHFy  maybe 
equal  to  AE,  or  BF;  then  it  is  plain  that  the  ob- 
long AGHBy  will  contain  twice  as  many  squares 
as  the  side  AB  contains  equal  parts.  After  the 
same  manner  it  will  appear,  that  the  oblong  ADCB 
will  contain  three  times  as  many  squares  as  the 
side  AB  contains  equal  parts;  and  in  general,  that 
every  rectangular  parallelogram,  whether  square 
or  oblong,  contains  as  many  squares  as  the  pro- 
duct of  the  number  of  equal  parts  in  the  base, 
multipMed  into  the  number  of  the  same  equal  parts 
in  the  height,  contains  units,  each  square  having 
for  its  side  one  of  the  equal  parts. 
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Hence  arises  the  solution  of  the  following  prob-r 
lemso 


PROB.  L 

To  find  the  content  of  a  sqitarc  piece  qf  ground. 

1.  Multiply  the  base  in  perches,  into  the  per- 
pendicular in  perches,  the  product  will  be  the  con- 
tent in  perches ;  and  because  160  perches  make 
an  acre,  it  must  thence  follow,  that 

Any  area,  or  content  in  perches,  being  divided 
hy  1^0,  will  give  the  content  in  acres ;  the  remain* 
ing  perches,  if  more  than  40,  being  divided  by  40, 
will  give  the  roods,  and  the  last  remainder,  if  any, 
will  be  perches* 

Or  thus : 

2.  Square  the  side  in  four-pole  chains  and 
links,  and  the  product  will  be  square  four-pole 
chains  and  links  :  divide  this  by  10,  or  cut  off  one 
more  than  the  decimals,  which  are  five  in  all,  from 
the  right  towards  the  left :  the  figures  on  the  left 
are  acres;  because  10  square  four-pole  chains 
make  an  acre,  and  the  remaining  figures  on  the 
right,  are  decimal  parts  of  an  acre.  Multiply  the 
five  figures  to  the  right  by  4,  cutting  5  figures 
from  the  product,  and  if  any  figure  be  to  the  left 
of  them,  it  is  a  rood,  or  roods  ;  multiply  the  last 
cut  off"  figures  by  40,  cutting  ofi'five,  or  (which  is 
the  same  thing)  by  4,  cutting  off*  four;  and  the  re- 
maining figures  to  the  left,  if  any,  are  perches. 

1.  The  first  pail  is  plain,  from  considering  that 
a  piece  of  ground  in  a  square  form,  whose  side  is 
a  perch,  must  contain  a  perch  of  ground ;  and  that 
40  such  perches  make  a  rood,  and  faur  ro@ds  an 

1)4 
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acre  ;  or  Avhich  is  the  same  thing,  that  160  square 
perches  make  an  acre,  as  before. 

2.  A  square  four-pole  chain  (that  is,  a  piece  of 
ground  four  poles  or  perches  every  way)  must 
contain  160  square  perches ;  and  160  perches  make 
an  acre,  therefore  10  times  16  perches,  or  10  square 
four-pole  chains,  make  an  acre. 

Note.  The  chains  given,  or  required,  in  any  of 
the  follow  ing  problems,  are  supposed  to  be  two- 
pole  chains,  that  chain  being  mostcommonly  used; 
but  they  must  be  reduced  to  four-pole  chains  or 
perches  for  calculation,  because  the  links  will  not 
operate  with  them  as  decimals. 


Examples. 

Pl.  l.Jig,  17. 

Ch.  L, 
LeiABCD  be  a  square  field,  whose  side  is  14  29, 
required  the  content  inheres. 

Ch.  L, 

By  problem  4.  section  1.  part  2. 14.  29  are  equal  to 
29.16  perches 
29.16 


17496 
2916 

26244 

5832 


A.  R.  P. 


160)850.3056(  5.  1.  10.  content, 

40).'30(1  rood, 
10  perches 
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Or  thus : 

Ch.  L.  Ck.  L. 

14.  29  are  equal  to  7.  29  of  four-pole  chains,  by 
prob.  l.sect.  l.pt.  2.  7.  29 

6561 
1458 
5103 

A.R.P. 

Acres  5|31441  cent,  as  before  5. 1. 10 
4 


Rood  1|25764 
40 


Perches  10|  30560 


It  is  required  to  lay  down  a  map  of  this  piece 
of  ground,  by  a  scale  of  twenty  perches  to  an 
inch. 


Take  29.  16  the  perches  of  the  given  side,  from 

the  small  diagonal  on  the  common  surveying  scale, 

r   where  20  small,  or  two  of  the  large  divisions,  are 

an  inch  :  make  a  square  whose  side  is  that  length 

(by  prob.  9.  geom.)  and  it  is  done. 


PEOB.  11. 


To  Jind  the  side  of  a  square,  whose  content  is  given. 

Extract  the  square  root  of  the  given  content  in 
perches,  and  you  have  the  side  in  perches,  and 
consequently  in  chains. 
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Example. 

It  is  required  to  lay  out  a  square  piefcof  ^ound 
which  shall  contain  12 A.  3R.  16P.  Required  the 
number  of  chains  in  each  side  of  the  square  ;  and 
to  lay  down  a  map  of  it,  by  a  scale  of  40  perches 
to  an  inch. 

A.    R.    P. 

12.     3.     16. 
4 

.51 
40 
CL  L. 

2056(45.34 +perches  =  22.  33i  by  prob.  6. 

85)456  [sect,  1.  pi  2. 

903)3100 
9064)39100  &c. 


To  draw  the  map. 

From  a  scale  where  4  of  the  large,  or  40  of  the 
small  divisions  are  an  inch,  take  45.34,  the  perches 
of  the  side,  of  which  make  a  square. 


PROB.  III. 

Tojindthe  content  of  an  oblong  fiiece  of  ground. 

Multiply  the  length  by  the  breadth,  for  the 
content 
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Example. 

Pl,  l.Jig.^. 

Let  ABCD  be  an  oblong  piece  of  ground,  whose 
length  AB  is  140.  25Zr.  and  breadth  8C.  37i^.  re- 
quired the  content  in  acres,  and  also  to  lay  dowri 
a  map  of  it,  by  a  scale  of  20  perches  to  an  inch. 

C1i,L.     Perches. 


15732 

3496 

A.  R.  P. 


160)506.9200(3.  0.  27.  content 
26  perches,  or  near  27. 


Or  thus 
4  pole  ch. 
Ch.  L.  Ch.  L. 
14.25  =  7.25 
8.37  =  4.37 


I  By  prob.  1.  sect.  1.  pt  ^. 


5075 
2175 
2900 

Acres  3|16825 
4 


Rood  [67300 
4 


Perches  2619200 
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To  draw  the  map. 

Make  an  oblong  (by  schol.  to  prob.  9.  geom.) 
whose  length,  from  a  scale  of  20  to  an  inch,  may- 
be 29  perches,  and  breadth,  17.48  perches. 

PROB.  IV. 

The  content  of  an  oblong  piece  of  ground,  and  one  side  given,  to 
find  the  other. 

Divide  the  content  in  perches,  by  the  given  side 
in  perches,  the  quotient  is  the  side  required  in 
perches ;  and  thence  it  may  be  easily  reduced  to 
chains. 

Example. 

There  is  a  ditch  14  Ch.  25  L.  long,  by  the  side 
of  which  it  is  required  to  lay  out  an  oblong  piece 
of  ground,  which  shall  contain  3A.  OR.  37P  :  what 
breadth  must  be  laid  off  at  each  end  of  the  ditch  to 
enclose  the  3A.  OR.  37P? 
A.    R.    P. 
3.      0.     27. 
4 

12 

40 

Perch.  Ch.  L. 

29)507(17.48  =  8.  37.  breadth. 
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140 

240 

8 
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The  map  is  constructed  like  the  last 

PROB.  V. 

To  find  the  content  of  a  piece  of  ground^  in  form  of  an  oblique  an- 
gular fiarulltlogram  ;  or  of  a  rhombus»  or  rhombaides. 

Multiply  the  base  into  the  perpendicular  height. 
The  reason  is  plain  from  theo.  13,  geom. 

Example. 

PL.  7.  fig.  2. 

Let  ABCD  be  a  piece  of  ground  in  form  of  a 
rhombus,  whose  base  A  B  is  22  chains,  and  perpen- 
dicular JDE,  or  FC,  20  chains.  Required  the  con- 
tent. ' 


Ch.    Ch 
22= 
20 


— 10*0  (      ^  P^^^  chains. 


Acres  li|0 

Or, 


22  = 
20 


^11   I    P^^^^^^' 


160)1760(11  acreg. 
160 
0 
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The  converse  of  this  is  done  by  prob.  4.  and  the 
map  is  drawn,  by  laying  off  the  perpendicular  on 
that  part  of  the  base  from  whence  it  was  taken ; 
Joining  the  extremity  thereof  to  that  of  the  base 
by  a  right  line,  and  thence  completing  the  paral- 
lelogram. 

PEOB.  VL 

Tojind  the  content  of  a  triangular  fiiece  of  ground. 

Multiply  the  base  by  half  the  perpendicular,  or 
the  perpendicular  by  half  the  base  ;  or  take  half 
the  product  of  the  base  into  the  perpendicular. 

The  reason  of  this  is  plain,  from  cor.  2.  theo. 
12.  geom. 

EXAMPLE. 

Pl,  l.fg.  16. 

Let  ^jBCbe  a  triangular  piece  of  ground,  whose 
longest  side  or  base  BC,  is  24C.  SSL,  and  perpen- 
mcular  ADy  let  fall  from  the  opposite  angle,  is  13 
C,  2SL,    Required  the  content. 
CL  L.     Ch.  jL. 
LBase24.  38=  12.  38  )     .       ,      ,    . 

iperp.  3.  39I    4polechams. 


11142 
3714 
3714 


Acres  4|  19682 
4 


Rood  178728 


40 


Perches  31 149120 
A.  R.  P. 
Content  4.  0.   31. 
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Ch.  L.     Ch.  L. 

Perp.   13.28=6.78)    four-pole  chains  by 
Iperp.     6.39  ==  3.39  )    prob.  1.  sect.  1.  pt.  2. 


Qy  2dl7.  Perp.  6.78  of  four-pole  chains 

ibase  6.19 

• 

6102 
678 
4068 
A.     R.    P. 


4)19682  =  4.      0.      31. 

Qr3dly.  Base  12.38  four-pole  chains. 
Perp.  6.78 

9904 
8666 
7428 


83.9364 

A.  R.  P. 

-  Itsl  =  4|]9682-=4.   0.   31. 

Or  the  base  and  perpendicular  may  be  reduced 
to  per(!hes ;  and  the  content  may  be  thenc^  ob- 
tained, thus : 


E-e 
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Ch,  L.     Perches. 
Perp.  13.28  =  27.12  ^ 

Half  the  perp.  ,I^>  By  prob.4.sect.  l.pt.2. 

Perches.  Ch,  L. 
1.    Base  49.52  =  24.38 
iperp.  13.56 


29712 
24760 
14356 
4952 

A.  R.  P. 

160)071.4912(4.  0.  31. 

31 


Perches. 
2.     Perp.  27.12 
Half  base  24.76 


16272 

18984 
10848 
5424 


A.  R.  P. 

671.4912  =  4.  0.  31. 


But,  square  perches  may  be  reduced  to  acres, 
&c.  rather  more  commodiously,  by  dividing  by  40 
and  4,  than  by  160 ;  thus, 
4|0)67|1. 

4)16.  31 


A.  4.  0.  31 


# 
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Perches. 
3.    Base  49.52 
Perp.  27.12 


9904 
4952 
34664 
9904 


1342.9824 

A.    R.    P. 

671.4912  =  4.      0.     31. 


The  map  may  be  readily  drawn,  having  the  dis- 
tance from  either  end  of  the  base,  to  the  perpen- 
dicular given ;  as  may  be  evident  from  the  figure. 


PROB.  VII. 


The  content  of  a  triangular  fiiece  of  ground^  and  the  base  given,  to 
find  the  fierp,endkular. 


Divide  the  content  in  perches,  by  half  the  base 
in  perches ;  and  the  quotient  will  give  you  the  per- 
pendicular, in  perches  and  so  in  chains. 


Examples. 

Pl.  \.fig.  16. 

Let  BC  be  a  ditch,  whose  length  is  24C.  402/. 
by  which  it  is  required  to  lay  out  a  triangular 
piece  of  ground,,  whose  content  shall  be  4 A.  IR. 
lOP     Required  the  perpendicular. 


212  Tojind  the  Content  of  GrounS. 

Ch^  L,  Perches. 
Base      24.40  =  49.6 
Half  the  base  =  24.8 


A. 

R. 

P. 

4. 

1. 

10» 

4 

17 

40 


Perches. 


24.8)690(27.28 


1940 


2040 


560 


64 


Perches,  Ch.  L. 
Answer  perp.  27.28.  =  13.45. 

This  perpendicular  being  laid  on  any  part  of  the 
base,  and  lines  run  fror'  its  extremity  to  the  ends 
of  the  base,  will  lay  out  the  triangle  (by  cor.  to 
theo.  13.  geoni.)  so  that  the  perpendicular  may  be 
set  on  that  part  of  the  base  which  is  most  conve- 
nient and  agreeable  to  the  parties  concerned. 
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LEMMA, 

PL.8,Jg.9. 

If  from  half  the  sum  of  the  sides  of  any  filane  triangle  A  Bc^  each 
particular  side  be  taken  ;  and  if  the  half  sum^  and  the  three  re- 
mainders be  i.iuLfijdiedcontinualiii  into  each  other ^  the  square  root 
cf  this  product  will  be  the  area  •}  the  triangle. 

Bisect  any  two  of  the  angles,  as  A  and  B,  with 
the  lines  AB,  BD  meeting  in  D  ;  draw  the  per- 
pendiculars  BE,  DF,  DG. 

The  triangle  AFD  is  equiangular  to  AED  y 
for  the  angle  FAD=EAD  by  construction,  and 
AFD==AED,  behig  each  a  right  angle,  and  of 
consequence  ADF—ADE;  wherefore  AD - 
DE  : :  AD  :  DE :  and  since  AD  bears  the  same 
proportion  to  BF,  that  it  doth  to  BE,  BF=BE^ 
and  the  triangle  AFD=^AEB,  The  same  wav 
BE=BG,  and  the  triangle  BEB=BGB,  and 
FB=BE==BG  ;  therefore  B  will  be  the  cen- 
tre of  a  circle  that  will  pass  thtough  Ey  F,  G, 

In  the  same  way  if  ^  and  Cw^ere  bisected,  the 
cjame  point  Z^  would  be  had ;  therefore  a  line  from 
B  to  C  will  bisect  C,  and  thus  the  triangles  BFQ 
BGC  will  be  also  equal. 

Produce  CA  to  H,  till  AH=EB  or  GB  ;  so 
will  HC  be  equal  to  half  the  sum  of  the  sides,  vis. 
to  i  AB,  +  hAC  +  i  BC;  for  F€,  FA,  EB,  arc 
severally  equal  to  CG,  AE,  BG  ;  and  all  these 
together  are  equal  to  tlje  sum  of  the  sides  of  the 
triangle;  therefore  FC +.FA  +  EB  or  CH,  are 
ecj[ual  to  half  the  sum  of  the  sides. 

.  FC=^CH—AB,{or AFf=AE,andHA^EB , 
therefore  HF^AB;  nnd  AF^CFI—BC;  for  CF 
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^CGy  and  AH=GB ;  therefore  BC=HA+FC, 
and  AH  =  CH—AH. 

Continue  DC,  till  it  meets  a  perpendicular 
drawn  upon  Hin  K;  and  from  ATdiaw  the  per- 
pendicular AT,  and  join  AK, 

Because  the  angles  A  flKdiudAIK^Lreiwo  right 
ones,  the  angles  HI  A  and  K  together,  are  equal 
to  two  right;  since  the  angles  of  the  two  trii^n- 
gles  contain  four  right :  in  the  sa;)ie  way  FDE  + 
FAE={2  right  angles=)  FAE+IAH;  let  FAE 
be  taken  from  both,  then  FDE=IAH,  an  »  of 
course  FAE  =  if;  the  quadrilateral  h^r;iiIes 
AFDEy  and  KHAl,  are  therefore  similai-,  and 
have  the  sides  about  the  equal  angles  proportion- 
al ;  and  it  is  plain  the  triangles  CFD  and  CHK 
are  also  proportional :  hence, 

FD'H4::FA:  HK 
FD:  FC  ::HK:HC 

Wherefore  by  multiplying  the  extreme,  and 
means  in  both,  it  will  be  the  square  of  FD  x  HK 
X  HC=FCx  FAxHAxHK;  let  HK  be  taken 
from  both,  and  multiply  each  side  by  CH ;  then 
the  square  of  CH  x  by  the  square  of  FD=FCx 
FAxHjxCH. 

It  is  plain,  by  the  foregoing  problem,  that  ^  AB 
^DE,  -rl  BC  X  DG  +4  AC^FD  =  the  area  of 
the  triangle  ;  or  that  half  the  sum  of  the  sides,  viz. 
CHx^  FD=ihe  triangle  ;  wherefore  the  square  of 
CH  X  by  the  square  of  FD=  FCx  FA  x  HA  x  CH, 
that  is,  the  half  sum  multiplied  continually  into 
the  differences  between  the  half  sum  and  each  side, 
will  be  the  square  of  the  area  of  the  triangle,  and 
its  root  the  area.     Q.  E.  D, 
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Hence  the  following  problem  will  be  evident. 

PROB.  VIIL 

The  three  sides  qf  a  filane  triangle  given  to  Jlnd  the  area. 

Rule. 

From  half  the  sum  of  the  three  sides  subtract 
each  side  severally  ;  take  the  logarithms  of  half 
the  sum  and  three  remainders,  and  half  their  total 
will  be  the  logarithm  of  the  area :  or,  take  the 
square  root  of  the  continued  product  of  the  half 
sum  and  three  remainders  for  the  area. 

Examples. 

Pi.  Zjg,  9. 

1.  In  the  triangle  ABC,  are 

Given,  )  AC=  12.28  i  four-pole  chams ; 
f  CB=  9oov®^^^^       ^^^^^ 

Sum    31.92 


Half  sum  15.96  Log.  1.203033 

(  5.32  —  0.725912 

Remainders     <  3  68  —  0.565848 

(  6.96  —  0.842609 


2)3.337402 


Answer,  Sqr.  Ch.  46.63  Log.  1.668701 
or,     4.663  Acres, 

Or,  15.96  X  5.32  x  3.68  x  6.96  =  2174.71113216 
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the  square  root  of  which  is  46.63,  for  the  area  as 
before. 

2.  What  quantity  of  land  is  contained  in  a  tri- 
angle, the  3  sides  of  which  are,  80,  120  and  160 
perches  respectively  ?    Answer,  29 A.  7P. 

PROB,  IX. 


Two  sides  of  afilane-triangle  and  their  included  angle  givent  tQ 
find  the  area. 


Rule.  ^ 

Tt  the  log.  sine  of  the  given  angle  (or  of  its  sup- 
plement to  180°,  if  obtuse)  add  the  logarithms  of 
the  containing  sides  ;  the  sum,  less  radius,  will  be 
the  logarithm  of  the  double  area. 

Examples. 

Pl.  5.  Jig.  16, 

Suppose  two  sides,  JB,  AC,  of  a  triangular  lot 
ABC,  form  an  angle  of  30  degrees,  and  measure 
one  64  perches,  and  the  other  40.5,  what  must  the 
content  be  ? 

Given  angle  30«.     sine   9.698970 

Containing  sides  j  JJ;^    j^|;  J;^25J^^ 


2)1296.  log.    3.112605 
160)648(4A.8P.  answer 
8 


To  find  the  Content  of  Ground,  217# 

2.  Required  the  area  of  a  triangle,  two  sides  of 
which  are  49.2  and  40.8  perches,  and  their  con- 
tained angle  1444  degrees  ?  Answer,  3 A.  2R.  22P. 

3.  What  quantity  of  ground  is  inclosed  in  an 
equilateral  triangle,  each  side  of  which  is  100  perch- 
es,either  angle  being  60  degrees?  Answer,27  A.  lOP. 


Demonstration  of  this  problem, 

Fl,  11.  Jig,  s. 

heiAHhe  perpendicular  to  AB  and  equal  to 
ACy  and  HE,  FCG,  parallel  to  AB  j  tken  making 
AH(=  AC)  radius,  AF(=  CD)  will  be  the  sine 
of  CAD,  and  the  parallelograms  A  B EH  (the  pro- 
duct of  the  given  sides,)  and  ABGF  the  double 
area  of  the  triangle)  having  the  same  base  AB,  ar^ 
in  proportion  as  their  heights  AH,  AF ;  that  is, 
as  radius  to  the  sine  of  the  given  angle  ;  which  pro- 
portion gives  the  operation  as  in  the  rule  above. 

PROB.  X 

Tojind  the  area  of  a  trafiezoid,  viz.  a  figure  hounded  by  four  tight 
hues,  two  of  whick  are  fiarallel,  but  unequal. 

Rule. 

Multiply  the  sum  of  the  parallel  sides  by  their 
perpendicular  distance,  and  take  half  the  product 
for  the  area. 


Note.  On  this  10th  problem  are  founded  most  of  the  cal- 
eulations  of  differences  by  latitude  and  departure,  and  those 
by  offsets-,  following  in  this  treatise. 

Ff 
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Examples. 

1.  Requiied  the  area  of  a  trapezoid,  of  which 
the  parallel  sides  are,  respectively,  30  and  49 
perches,  and  their  perpendicular  distance  61.6  ? 


30"f49 


^%'^]    Multiply. 


2)4866.4 
Answer,  2433.2  =  1 5 A.  33.2P. 

PL.  9.  fig,  10. 

2.  In  the  trapezoid  ABCD  the  parallel  side^' 
are,  AD,  20  perches,  BC,  32,  and  their  perpendi- 
cular distance,  AB,  26 ;  required  the  content  ? 

Answer,  4  A.  36P. 


PROB.  XL 

To  find  the  Content  of  a  trapeziunu 

Rule. 

Multiply  the  diagonal,  or  line  joining  the  re 
motest  opposite  angles,  by  the  sum  of  the  two  per- 
pendiculars falling  from  the  other  angles  to  that 
diagonal,  and  half  the  product  will  be  the  area. 

Example. 

PL.  7.  Jig.  3. 

Let  ABCD  be  a  field  in  form  of  a  trapezium, 
the  diagonal  AC  64.4  perches,  the  perpendicular 
Bh  13.6  and  J>df  27.2,  required  the  content  ? 
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Tliacronal  =  64.4  )    Mnii^r^K- 
I3.64I27.2  =40.8  1    ^^^Itipl) 

2)2627.52 

160)131376(8A.  33IP.  Answer 
1280 


335  perches. 


Note.  The  method  of  multiply ing  together  the 
half  sum^  of  the  opposite  sides  of  a  trapezium  for 
the  content  is  erroneous,  and  the  more  so  the  more 
oblique  its  angles  are. 

To  draw  the  map  set  o^  Ah  28  perches,  ar>d  Ad 
34.4,  and  there  make  the  perpendiculars  to  their 
proper  lengths,  and  join  their  extremities  to  those 
of  the  diagonal. 

PROB.  XIL 

To  Jind  the  area  of  a  circle,  or  an  eliijisis. 

Rule. 

Multiply  the  square  of  the  circle's  diameter,  or 
the  product  of  the  longest  and  shortest  diameters 
of  the  ellipsis  by  .7854  for  the  area.  Or,  subtract 
0.104909  from  the  double  logarithm  of  the  circle's 
diameter,  or  from  the  sum  of  the  logarithms  of 
those  elliptic  diameters,  and  the  remainder  will  be 
the  logarithm  of  the  area. 

Note.    In  any  circle,  the 
Diam.  multi.  ^  Kv':i  i/ii^q    ^  produces  the  Cir. 
Circura.  diy.  ]  ^J^-^'^^^^y  j  quotes  the  diam. 
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Examples. 

1 .  How  many  acres  are  in  a  circle  of  a  mile 
diameter  ? 

1  Mile=320  per.  log.  2.505150 

2.505150 


5.010300 
0.104909 


4iO)8042|5.  log.     4.905391 

4)2010.25 

Answer,      502A.  2R.  25P. 

2.  A  gentleman,  knowing  that  the  area  of  a  cir- 
cle is  greater  than  that  of  any  other  figure  of  equal 
perimeter,  walls  in  a  circular  deer  park  of  100 
perches  diameter,  in  which  he  makes  an  elliptical 
fish  pond  10  perches  long  by  5  wide ;  required  the 
length  of  his  wall,  content  of  his  park,  and  area  of 
his  pond? 

Answer,  the  wall  314.16  perches  inclosing  49^. 
14P.  of  which  39i  perches,  or  t  of  an  acre  nearly, 
is  appropriated  to  the  pond. 

PROB.  XIIL 

The  area  of  a  cirele  girueny  to  find  its  diameter. 

Rule. 

To  the  logarithm  of  the  area  add  0.104909,  and 
half  the  sum  will  be  the  logarithm  of  the  diameter. 
Or,  divide  the  area  by  .7854,  and  the  square-root 
of  the  quotient  wUl  be  the  diameter. 
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Examples. 

A  horse  in  the  midst  of  a  meadow  suppose. 
Made  fast  to  a  stake  by  a  line  from  his  nose. 
How  long  must  this  line  be,  that  feeding  all 

round. 
Permits  him  to  graze  just  an  acre  of  ground  I 

Area  in  perches  160  log.  2.204120 

0.104909 


2)2.309029 

2)  

Diameter  14.2733     log.         1.154514 


Answer,    7.13665     per,  =  117F.  9  In. 
PROB.  XIV. 

Allowance  for  roads. 

It  is  customary  to  deduct  6  acres  out  of  106  for 
Toads  ;  the  land  before  the  deduction  is  made  may- 
be termed  the  grossy  and  that  remaining  after  such 
deduction,  the  neat. 

Rule. 

The  gross  div.  )   j^y  j  Qg    \  quotes  the  neat. 
The  neat  mul.  )     ^    '     *   (  prod,  the  gross. 

Examples. 


1.  How  much  land  must  I  inclose  to  have  850A 
2E.  20P.  neat  ? 


^22  To  find  the  Content  of  Grounds 

40|20. 
4|  2.5 

Acres.  A.  R.  P. 

850.625X1.06=901.6625=901.2.26.  the  ans. 

2.  How  much  neat  land  is  there  in  a  tract  of      ^ 
901  A.  2R.  26P.  gross? 

40|26. 
4 1  2.65 

Acres.    A.  R.  P. 

i  .06)901 .6625(850.625= 850. 2. 20.  the  answ. 
848 


&;c. 
NoTE^    These  two  operations  prove  each  other. 

i 

PROB.  XV. 


To  find  the  area  of  a  fiiece  of  ground  be  it  ever  so  irregular  by  di' 
viding  it  into  triangles  and  trapezia. 


PL.7.Jig.4. 

We  here  admit  the  survey  to  be  taken  and  pro- 
tracted ;  by  having  therefore  the  map,  and  know- 
ing the  scale  by  which  it  was  laid  down,  the  con- 
tent may  be  thus  obtained. 

Dispose  the  given  map  into  triangles,  by  fine 
pencilled  lines,  such  as  are  here  represented  in  the 
scheme,  and  number  the  triangles  with  1,  2,  3,  4, 
&LC,  Your  map  being  thus  prepared,  rule  a  table 
with  four  columns ;  the  first  of  which  is  for  the 
number  of  the  triangle,  the  second  for  the  base  of 
it,  the  third  for  the  perpendicular,  and  the  fourth 
for  the  content  in  perches. 
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Then  proceed  to  measure  the  base  of  number  1, 
from  the  scale  of  perches  the  map  was  laid  down, 
and  place  that  in  the  second  column  of  the  table, 
under  the  word  base  ;  and  from  the  angle  opposite 
to  tiie  base,  open  your  compasses  so,  as  when  one 
foot  is  in  the  angular  point,  the  other  being  mov- 
ed backwards  and  forward.s,  may  just  touch  the 
base  line,  and  neither  go  the  least  above  or  be- 
neath it;  that  distance  in  the  compasses  measured 
from  the  same  scale,  is  the  length  of  that  perpen- 
dicular, which  place  in  the  third  column,  under  the 
word  perpendicular. 

If  the  perpendiculars  of  two  triangles  fall  on  one 
and  the  same  base,  it  is  unnecessary  to  put  down 
the  base  twice,  but  insert  the  second  perpendicu- 
lar opposite  to  the  number  of  the  triangles  in  the 
table,  and  join  it  with  the  other  perpendicular  by 
a  brace,  as  No.  1  &  2,  4  &  5,  6  &  7,  9  &  10,  SCc' 

Proceed  after  this  manner,  till  you  have  mea- 
sured all  the  triangles ;  and  then  by  prob.  6.  find 
the  content  in  perches  of  each  respective  triangle, 
which  severally  place  in  the  table  opposite  to  the 
number  of  the  triangle,  in  the  fourtli  column,  un- 
der the  word  content. 

But  where  two  perpendiculars  are  joined  to- 
gether in  the  table,  by  a  brace  having  both  one 
and  the  same  base  ;  find  the  content  of  each  (be- 
ing a  trapezium)  in  perches,  by  prob.  11.  which 
place  opposite  the  middle  of  those  perpendicu- 
lars, in  the  fourth  column,  under  the  word  con- 
tent. 

Having  thus  obtained  the  content  of  each  re- 
spective triangle  and  trapezium,  which  the  map 
contains,  add  them  all  looretheT',  and  thf^ir  sum  will 
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be  the  content  of  the  map  in  perches ;  which  be- 
ing divided  by  160,  gives  the  content  in  acres. 
Thus,  for 


Examples. 


No. 

1 
2 

Base. 

Perpend. 

Coiiteiit. 

24.8 

17.0  1 
16.3  1 

412.92 

3 

28.2 

16.0 

225.6 

4 
5 

39.8 

19.6) 
16.2  \ 

712.42 

6 

7 

49.4 

29.0) 
15.0  \ 

1086.8 

8 

38.7 

6.7 

129.64 

9 
10 

40.0 

17.0) 
13.0  S 

600. 

11 
12 

42.8 

10.2  ) 

12.3  S 

481.5 

13 

26.2 

17.9 

234.49 

14 

15 

24.0 

11.6) 
10.0  i 

perclies 

259.2 

Con 

tent  in 

4142.57 

This  being  divided  by  160,  will  give  25A.  3K. 
E2P.  the  content  of  the  map. 

Let  your  map  be  laid  down  by  the  largest  scale 
your  paper  will  admit,  for  then  the  bases  and  per- 
pendiculars can  be  measured  with  greater  accura- 
cy than  when  laid  down  by  a  smaller  scale,  and  if 
possible  measure  from  scales  divided  diagonally. 

If  the  bases  and  perpendiculars  were  measured 
by  four-pole  chains,  the  content  of  every  triangle 
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:xi\^  trapezium,  may  be  had  as  before,  in  problems 
6.  and  1 1 .  and  consequently  the  whole  content  of 
the  map. 

If  any  part  of  your  map  has  short  or  crooked 
bounds,  as  those  represented  in  plate  7.  fig.  5» 
Ihen  by  the  straight  edge  of  a  transparent  horn, 
draw  a  fine  pencilled  line  as  AB  to  balance  the 
parts  taken  and  left  out,  as  also  another,  BC  - 
these  parts  when  small,  may  be  balanced  very 
nearly  by  the  eye,  or  they  may  be  more  accurate- 
ly balanced  by  method  the  third.  Join  the  points 
A  and  C  by  a  line,  so  will  the  content  of  the  tri- 
angle ABC,  be  equal  to  that  contained  between 
the  line  AC,  and  the  crooked  boundary  from  A  to 
B,  and  to  C:  by  this  method  the  number  of  triangles 
will  be  greatly  lessened,  and  the  content  become 
more  certain  ;  for  the  fewer  operations  you  have, 
the  less  subject  will  you  be  to  err :  and  if  an  error 
be  committed,  the  sooner  it  may  be  discovered. 

The  lines  of  the  map  should  be  drawn  small,  and 
neat,  as  well  as  the  bases ;  the  compasses  neatly 
pointed,  and  scale  accurately  divided ;  without 
all  which  you  may  err  greatly.  The  multiplica- 
tions  should  be  run  over  twice  at  least,  as  also  the 
addition  of  the  column  content. 

From  what  has  been  said,  it  will  be  easy  to  sur- 
vey  a  field,  by  reducing  it  into  triangles,  and  mea- 
suring the  bases  and  perpendiculars  by  the  chain. 
To  ascertain  the  content  only,  it  is  hot  material  to 
know  at  what  part  of  the  base  the  perpendicular 
was  taken :  since  it  has  been  shewn  (in  cor.  to 
theo.  13.  geom.)  that  triangles  on  the  same  base, 
and  between  the  same  parallels,  are  equal ;  but  if 
you  would  draw  a  map  from  the  bases  and  perpen- 
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diculars,  it  is  evident  that  you  must  know  at  what 
part  of  the  base  the  perpendicular  was  taken,  in 
order  to  set  it  off  in  its  due  position ;  and  hence 
the  ^lap  is  easily  constructed. 


PROB.  XVL 


To  determine  the  area  of  a  fiiece  of  ground,  having  the  maji  give?:, 
by  reducing  it  to  one  triangle  equal  thereto^  and  thence  finding 
its  content. 

PL.  8.  fig.  5, 

LetAB  CDEFGHheix  map  of  ground, 
which  you  would  reduce  to  one  triangle  equal 
thereto. 

Produce  any  line  of  the  map,  as  AHy  both  ways, 
lay  the  edge  of  a  parallel  ruler,  from  A  to  C,  having 
B  above  it ;  hold  the  other  side  of  the  ruler,  or 
that  next  you,  fast;  open  till  the  same  edge  touches 
jB,  and  by  it,  with  a  protracting  pin,  mark  the 
point  b,  on  the  produced  line,  lay  the  edge  of  the 
ruler  from  b  to  I>,  having  C  above  it,  hold  the 
otl)€r  side  fast,  open  till  the  same  edge  touches  C, 
and  by  it  mark  the  point  c,  on  the  produced  line. 
A  line  drawn  from  c  to  i>  will  take  in  as  much  as 
it  leaves  out  of  the  map. 


Again  lay  the  edge  of  the  ruler  from  Hio  F, 
having  G  above  it,  keep  the  other  side  fast,  open 
till  the  same  iedge  touches  G,  and  by  it  mark  the 
point  g,  on  the  produced  line  ;  lay  the  edge  of 
the  ruler  from  g  to  E,  having  _Fabove  it,  keep  the 
other  side  fast,  open  till  the  same  edge  touches  F, 
,and  by  it  mark  the  point  /,  on  the  produced  line. 
Juay  the  edge  of  the  ruler  from/  to  D,  having  E 
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ubove  it,  keep  the  other  side  fast,  open  till  the  same 
edge  touches  E,  and  by  it  mark  the  point  e,  on  the 
produced  line.  A  line  drawn  from  D  to  e,  will 
take  in  as  much  as  it  leaves  out.  Thus  have  you 
the  triangle  c  D  e,  equal  to  the  irregular  polygon 
ABCD  E  FGH. 

If  when  the  ruler's  edge  be  applied  to  the  points 
A  and  C,  the  point  B  falls  under  the  ruler,  hold 
that  side  next  the  said  points  fast,  and  draw^  back 
the  other  t'»  any  convenient  distance  ;  then  hold 
this  last  side  fast,  and  draw  back  the  former  edge 
to  B,  and  by  it  mark  6,  on  the  produced  line ;  and 
thus  a  parallel  may  be  drawn  to  any  point  under 
the  ruler,  as  well  as  if  it  were  above  it.  It  is  best 
to  keep  the  point  of  your  protracting  pin  in  the 
last  point  in  the  extended  line,  till  you  lay  the 
edge  of  the  ruler  from  it  to  the  next  station,  or 
you  may  mistake  one  point  for  another. 

This  may  also  be  performed  with  a  scale,  or  ru- 
ler, which  has  a  thin  sloped  edge,  called  a  fiducial 
edge ;  and  a  fine  pointed  pair  of  compasses.  Thus, 

Lay  that  edge  on  the  points  A  and  C,  take  the 
distance  from  the  point  B  to  the  edge  of  the  scale, 
so  that  it  may  only  touch  it,  in  the  same  manner  as 
you  take  the  perpendicular  of  a  triangle ;  carry 
that  distance  down  by  the  edge  of  the  scale  paral- 
lel to  it,  to  h  ;  and  there  describe  an  arc  on  the 
point  h  ;  and  if  it  just  touches  the  ruler's  edge, 
the  point  h  is  in  the  true  place  of  the  extended 
line.  Lay  then  the  fiducial  edge  of  the  scale  from 
h  to  Z>,  and  take  a  distance  from  (7,  that  will  just 
touch  the  edge  of  the  scale ;  carry  that  distance 
along  the  edge,  till  the  point  which  was  in  C,  cuts 
the  produced  line  in  c ,;  keep  that  foot  in  Cy  and 
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describe  an  arc,  and  if  it  just  touches  the  ruler'i> 
edge,  the  point  c  is  in  the  true  place  of  the  extend- 
ed line.  Draw  a  line  from  c  to  D,  and  it  will  take 
in  and  leave  out  equally:  in  like  manner  the  other 
side  of  the  figure  may  be  balanced  by  the  line  e 

Let  the  point  of  your  compasses  be  kept  to  the 
last  point  of  the  extended  line,  till  you  lay  your 
scale  from  it  to  the  next  station,  to  prevent  mis- 
takes from  the  number  of  points. 

That  the  triangle  c  D  c,  is  equal  to  the  right- 
lined  figure  ABCDEFGH,  will  be  evident  from 
problems  18.  1 9.  geom.  for  thereby,  if  a  line  were 
drawn  from  h  to  C,  it  will  give  and  take  equally, 
and  then  the  figure  bCJDEFGH,  will  be  equal 
to  the  map.  Thus  the  figure  is  lessened  by  one 
side,  and  by  the  next  balance  line  will  lessen  it  by 
tw^o,  and  so  on,  and  will  give  and  take  equally. 
In  the  same  manner  an  equality  will  arise  on  the 
other  side. 

The  area  of  the  triangle  is  easily  obtained,  as 
before,  and  thus  you  have  the  area  of  the  map. 

It  is  best  to  extend  one  of  the  shortest  lines  of 
the  polygon,  because  if  a  very  long  line  be  pro- 
duced, the  triangle  v/ill  have  one  angle  very  ob- 
tuse, and  consequently  the  other  two  very  acute; 
in  which  case  it  will  not  be  easy  to  determine  ex- 
actly the  length  of  the  longest  side,  or  the  points 
where  the  balancing  lines  cut  the  extended  one. 

This  method  will  be  found  very  useful  and  rea- 
dy in  small  enclosures,  as  Avell  as  very  exact ;  it 
may  be  also  used  in  large  ones,  but  great  care  must 
be  taken  of  the  points  on  the  extended  line,  which 
will  be  crowded,  as  well  as  of  not  missing  a  station. 
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PROB.  XVII. 

A  map.  mthits  area  being  given,  and  its  scale  omitted  to  be  either 
drawn  or  mentioned  ;  to  Jind  the  scale. 

fj  AST  up  the  map  by  any  scale  whatsoever,  and 
it  will  be 

As  the  area  found 

Is  to  the  square  of  the  scale  by  which  you  cast  up^ 
: :  The  given  area  of  the  map 
To  the  square  of  the  scale  by  which  it  was  laid 
^own. 

The  square  root  of  which  will  givQ  the  scale. 

Example. 

A  map  whose  area  is  1 26 A.  3R.  16P.  being- 
given  ;  and  the  scale  omitted  to  be  either  drawn 
or  mentioned  ;  to  find  the  scale. 

Suppose  this  map  was  cast  up  by  a  scale  of  20 
perches  to  an  inch,  and  the  content  thereby  pro- 
duced be  31A.  2R.  34P. 

As  the  area  found,  31  A.  2R.  34P.=5074P. 

Is  to  the  square  of  the  scale  by  which  it  was  cast 

up,  that  is  to  20x20=400, 
:  :  The  given  area  of  the  map  126A.  3R.  16P. 
^20296P. 


To  the  square  of  the  scale  by  which  it  was  laid 
down. 


5074  :  400  :  :  20296  :  1600  the  square  of  the 
required  scale. 
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Root. 
1600(40 
16 


8(00 


Answer.  The  map  was  laid  down  by  a  scale  of 
40  perches  to  an  inch. 

PEOB.  XVIIL 

Hono  to  Jind  the  true  content  of  a  survey^  though  it  be  taken  by  a 
chain  that  is  coo  long  or  too  short. 

Let  the  map  be  constructed,  and  its  area  found 
as  if  the  chain  were  of  the  true  length.  And  it 
will  be, 

As  the  square  of  the  true  chain 

Is  to  the  content  of  the  map, 

:  :  The  square  of  the  chain  you  surveyed  by 

To  the  true  content  of  the  map. 

Example. 

If  a  survey  be  fallen  with  a  chain  which  is  3 
inches  too  long ;  or  with  one  whose  length  is  42 
feet  3  inches,  and  the  map  thereof  be  found  to  con- 
tain 920A.  2R.  20P.     Requured  the  true  content. 

As  the  scjuare  of  42F.  Oln.=the  square  of  504 

inches=254016. 
Is  to  the  content  of  the  map  920 A.  IR.  20P.= 

147260P. 
:  :  The  square  of  42P.  3ln.=:the  square  of  507 

inches =257049. 
To  the  true  content. 
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250416  :  147260  :  :  257049  :  149019 

160(149019(931,     1."    19  An^er. 
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219     ' 
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Method  of  dktermijning  the  Areas  of  right- 
lined  Figures  UNIVERSALLY,  OR  BY  CAI-CULATION. 


DEFINITIONS. 


fl.  ^.jig.  r. 

^-  J^XERIDIANS  are  noiili  and  south  lines, 
which  are  supposed  to  pass  through  every  station 
of  the  survey. 

2.  The  diflference  of  latitude,  or  the  northins^  or 
southing  of  any  stationary  line,  is  the  distance  that 
one  end  of  the  line  is  north  or  south  from  the 
other  end ;  or  it  is  the  distance  which  is  intercepted 
on  the  meridian,  between  the  beginning  of  the 
stationary  line  and  a  perpendicular  drawn  from 
the  other  end  to  that  meridian.  Thus,  if  N,  S,  be 
a  meridian  line  passing  through  the  point  A  of  the 
line  AB,  then  is  Ab  the  difference  of  latitude  or 
southing  of  that  line. 

3.  The  departure  of  any  stationary  line,  is  the 
nearest  distance  from  one  end  of  the  line  to  a  me- 
ridian passing  through  the  other  end.  Thus  Bb  u 
the  departure  or  easting  of  the  line  AB  :  but  if 
CB  be  a  meridian,  and  the  measure  of  the  station- 
ary distance  be  taken  from  jB  to  ^  /  then  is  BC 
the  difference  of  latitude,  or  northing,  and  AC  the 
departure  or  westing  of  the  line  BA. 
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4.  That  meridian  which  passes  through  the  first 
station,  is  sometimes  called  the  first  meridian ;  and 
somethnes  it  is  a  meridian  passing  on  the  east  or 
west  side  of  the  map,  at  the  distance  of  the  breadth 
thereof,  from  east  to  west,  set  off  from  the  first 
station. 

5.  The  meridian  distance  of  any  station  is  the 
distance  thereof  from  the  first  meridiari,  whether 
it  be  supposed  to  pass  through  the  first  station,  or 
Qii  the  east  or  west  side  of  the  map. 


THEO.  I. 

In  every  survey  which  is  truly  taken,  the  sum  of 
the  northings  v^ill  be  equal  to  that  of  the  south- 
ings ;  and  the  sum  of  the  eastings  equal  to  that  of 
the  Avestings, 

►  Let  €1,  b,  c,  e,/,  g,  h,  represent  a  plot  or  parcel 
of  land.  Let  a  be  the  first  station,  b  the  second, 
€  the  third,  SCc.  Let  JV*S^  be  a  meridian  line,  then 
will  all  lines  parallel  thereto,  which  pass  through 
the  several  stations,  be  meridians  also  ;  as  ao,  bs^ 
cd,  SCc.  and  the  lines  bo,  cs,  de,  SCc.^'  perpendicular 
to  those,  will  be  the  east  or  west  lines,  or  depar- 
tures. 

The  northings,  ei-¥go-rTiq—ao'\-bs-^cd'^frihQ 
southings :  for  let  the  figure  be  completed ;  then  it 
is  plain  that  go-^hq+rk=^ao+bs-hcd,  and  ei  — 
rk=fr.  If  to  the  former  part  of  this  first  equation 
ei  —  rk  be  added,  and/r  to  the  latter,  thengo4-A^ 
-i-ei^ao+bs-hcd-rfn  that  is,  the  sum  of  the  north- 
ings is  equal  to  that  of  the  southingfs, 

Hh 
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The  eastingsc5+^a=o6+</c+//+r§*4-o/i,the  west- 
ings. For  aq+yo  (azj  =de-\-if-^rg-\-oh,  and  5o== 
6'^ — yo.  If  to  the  former  part  of  this  first  equa- 
tion, cs — yo  be  added,  and  ho  to  the  latter,  then 
cs+aq^ob-hde+if-hrg+oh  ;  that  is,  the  sum  of  the 
eastings  is  equal  to  that  of  the  westings.  Q.  jEJ.  D. 


SCHOLIUM. 


This  theorem  is  of  use  to  prove  whether  the 
field-work  be  truly  taken,  or  not ;  for  if  the  sum 
of  the  northings  be  equal  to  that  of  the  south- 
ings, and  the  sum  of  the  eastings  to  that  of  the 
westings,  the  field-work  is  right,  otherwise  not. 

Since  the  proof  and  certainty  of  a  survey  de- 
pend on  this  truth,  it  will  be  necessary  to  shew 
how  the  difference  of  latitude  and  departure  for 
any  stationary  line,  whose  course  and  distance  are 
given,  may  be  obtained  by  the  table,  usually  call- 
ed the  Traverse  Table. 


To  find  the  difference  of  Latitude  and  departure, 
oy  the  Traverse  Table, 


This  table  is  so  contrived,  that  by  finding  there- 
in the  given  course,  and  a  distance  not  exceeding 
120  miles,  chains,  perches,  or  feet,  the  difference 
of  latitude  and  departure  is  had  by  inspection  : 
the  course  is  to  be  found  at  the  top  of  the  table 
wh^n  under  45  degrees  ;  but  at  the  bottom  of  the 
table  when  above  45  degrees.  Each  column  sign- 
ed with  a  course  consists  of  two  parts,  one  for  the 
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difference  of  latitude,  marked  Lat.  the  other  for 
the  departure,  marked  Dep.  which  names  are  both 
at  the  top  and  bottom  of  these  columns.  Tiie 
distance  is  to  be  found  in  the  column  marked  JJist, 
next  the  left  hand  margin  of  the  page. 

Example. 

In  the  use  of  this  table,  a  few  observations  only 
are  necessary. 

1.  If  a  station  consist  of  any  number  of  even 
chains  or  perches  (which  are  almost  the  only  mea- 
sures used  in  surveying)  the  latitude  and  depar- 
ture are  found  at  sight  under  the  bearing  or  course, 
if  less  than  45  degrees ;  or  over  it  if  more,  and  in 
a  line  with  the  distance* 

2.  If  a  station  consist  of  any  number  of  chains 
and  perches,  and  decimals  of  a  chain  or  perch,  un- 
der the  distance  10,  the  lat.  and  dep.  will  be  found 
as  above,  either  over  or  under  the  bearing  ;  the 
decimal  point  or  separatrix  being  removed  one 
figure  to  the  left,  which  leaves  a  figure  to  the 
right  to  spare. 

If  the  distance  be  any  number  of  chains  or 
perches,  and  the  decimals  of  a  chain  or  perch,  the 
Jat.  and  dep.  must  be  taken  out  at  two  or  more 
operations,  by  taking  out  the  lat.  and  dep.  for  the 
chains  or  perches  in  the  first  place  ;  and  then  for 
the  decimal  parts. 

To  save  the  repeated  trouble  of  additions,  a  ju- 
dicious surveyor  will  always  limit  his  stations  to 
whole  chains,  or  perches  and  lengths,  which  can 
commonly  be  done  at  every  station,  save  the  last. 
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1.  In  Older  to  illustrate  the  foregoing  observa- 
tions, let  us  suppose  a  course  or  bearing,  to  be  S, 
35*.  15'  E.  and  the  distance  79  four-pole  chains. 
Under  35°.  15',  or  35t  degrees ;  and  opposite  70, 
we  find  84.  52  for  the  latitude,  and  45.  59  the  de- 
parture, which  signify  that  the  end  of  that  station 
differ  in  latitude  from  the  beginning  64.  52  chains, 
and  in  departure  45.  59  chains. 

Note.  We  are  to  understand  the  same  things  if 
the  distance  is  given  in  perches  or  any  other  mea- 
sures, the  method  of  proceeding  being  exactly  the 
same  in  every  case. 

Again,  let  the  bearing  be  54^  degrees  and  dis- 
tance as  before  ;  then  over  said  degrees  we  find 
the  same  numbers,  only  with  this  difference,  that 
the  lat.  before  found,  will  now  be  the  dep.  and  the 
dep.  the  lat.  because  54i  is  the  complement  of  35j* 
degrees  to  90,  vis,  lat.  45.  59.  dep.  64. 52. 

2.  Suppose  tl^  same  course,  but  the  distance 
7  chains  90  links,  or  as  many  perches.  Here  we 
find  the  same  numbers,  but  the  decimal  point  must 
be  removed  one  figure  to  the  left. 

Thus,  under  35i,  and  in  a  line  with  79  or  7.9, 
are 

Lat.  6.  45 
Dep.  4.  56 

the  5  in  the  dep.  being  increased  by  1,  because  the 
9  is  rejected  ;  but  over  545  we  get 

Lat.   4.  56 
Dep.  6.  45 


# 
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3.  Let  the  course  be  as  before,  but  the  distance 
7.79,  then  opposite 


7.  70 
9 

Lat.  6.  29 

7 

6.  36 

Dep.  4.  43 
6 

7.  79 

4.  49 

Or  opposite 


7.00 
.  79 

Lat.  5.  72    Dep.  4.  03 
.64        .46 

7.  79 

6.  36        4.  49 

THEO.  11. 

JVhen  the  first  meridian  passes  throvgh  the  map* 

If  the  east  meridian  distances  in  the  middle  of  each  line  be 
multifilied  into  the  particular  southing-,  and  the  west  meridian 
distances  m/o  the  particular  northing.^  the  sum  of  these  fir o- 
ducts  'Will  be  the  area  of  the  map. 


PL.  \0.fig,  \, 

Let  the  figure  alhn  be  a  map,  the  lines,  ah  hk 
to  the  southward,  and  km  ma  to  the  northward, 
NS  the  first  meridian  line  passing  through  the  first 
station  a. 

The  meridian  1    ^dxao         1    __  a  .     1  «^ 


Distances  eastJ     tuy^oxCbyjS  S  ow 

The  meridian  l    cfxgx  \    —  A  •     \^^ 

Distances  west  J   hhxgafmyJ}     "'    ^^^S  gl 
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These  four  areas  am  +  o?i-f  ay+^Myill  be  the 
area  of  the  whole  figure  ansiviprlc,  which  is  equal 
to  the  area  of  Ihe  mnp  abkm.  Complete  the 
figure. 

The  parallelograms  am  and  on*,  are  made  of  the 
cast  meridian  distances  dz  and  /?/,  multiplied  into 
the  southings  ao  and  ox.  The  parallelograms  xp 
and  gl  are  composed  of  the  west  meridian  dis- 
tances ef  and  M,  multiplied  into  the  northings  xg 
and  ga  fmyj  but  these  four  parallelograms  are 
equal  to  the  area  of  the  map  ;  for  if  from  them  be 
taken  the  four  triangles  marked  Z,  and  in  the 
place  of  those  be  substituted  the  four  triangles 
marked  O,  which  are  equal  to  the  former  ;  then  it 
is  plain  the  area  of  the  map  will  be  equal  to  the 
four  parallelograms.  Q.  E.  D. 
THEO,  III 

If  the  meridian  distance  when  east^be  multifilied  into  the  south- 
ing9^  and  the  meridian  distance  when  ivest  be  multifilied  into 
the  northings,  the  sum  of  ihese  less  by  the  meridian  distance 
when  westy  multifilied  into  the  southings^  is  the  area  of  the 
survey, 

Fl.  10,  fg.  2. 

Let  ab  che  the  map. 

The  figure  being  completed,  the  rectangle  of  is 
made  of  the  meridian  distance  eq  when  east,  mul- 
tiplied into  the  southing  an  ;  the  rectangle  yk  is 
made  of  the  meridian  distance  xw,  multiplied  into 
the  northings  cz  or  ya.  These  two  reciangles,  or 
parallelograms,  af+yk,  make  the  area  of  the  figure 
dfnyikd,  from  which  taking  the  rectangle  oy,  made 
of  the  meridian  distance  tu  when  west,  into  the 
southings  oh  or  hm,  the  remainder  is  the  area  of 
the  figure  dfohikdy  which  is  equal  to  the  area  of 
the  map, 

Let^oM=  1"^,  urih=Ij,  ric=Oy  7vrc=Z==yakiV^= 
K,  and  eJh^B,  adc=A.  I  sav,  that  Y-hZ+B=^ 
K+L+A. 
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Y=L+0,  add  Z  to  both,  then  Y-^Z=L'hO-¥ 
Z;  but  Z+0=K,  put  JTinstead  of  Z-^-O ;  then  F+ 
Z=L+K,  add  to  both  sides  the  equal  triaueles  B 
and  ^,  then  Y-i-Z+B=L^K+A  If  therefore  J5-f 
Y-i-Z  be  taken  from  abc,  and  in  lieu  thereof  we 
put  L+K+Ay  we  shall  have  the  figure  dfokikd^ 
abc,  but  that  figure  is  made  up  of  the  meridian 
distance  when  east,  multiplied  into  the  southing, 
and  the  meridian  distance,  when  west,  multiplied 
into  the  northing  less  by  the  meridian  distance, 
when  west,  multiplied  into  the  southing.  Q.  E,  D. 

COROLLARY. 

Since  the  meridian  distance  (when  west)  multi- 
plied into  the  southing,  is  to  be  subtracted,  by  the 
same  reasoning  the  meridian  distance  when  east, 
multiplied  into  the  nortliing,  must  be  also  sub 
tracted. 

SCHOLIUM. 

From  the  two  preceding  theorems  we  learn  how 
to  find  the  area  of  the  map,  when  the  first  meri- 
dian passes  through  it ;  that  is,  when  one  part  of 
the  map  lies  on  the  east  and  the  other  on  the  we?t. 
side  of  that  meridian.     Thus, 

Rule. 

The  merid.l  east  fmultiplied  f southings^ 
Dist.  when  J  westl  into  the    1  northings  J 
their  sum  is  the  area  of  the  map. 

But, 

The  merid.  feast  1  multiplied  f northings') 
Dist.  when  1  west  J    into  the    1  southings/ 

the  sum  of  these  products  taken  from  the  foiTne i 

gives  the  area  of  the  map. 
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These  theorems  are  true,  when  the  surveyor 
keeps  the  land  he  surveys,  on  his  right  hand, 
which  we  suppose  through  the  whole  to  be  done ; 
but  if  he  goes  the  contrary  way,  call  the  south- 
ings northings,  and  the  northings  southings,  and 
the  same  rule  will  hold  good. 

General  Rule  for  Jinding  the  Meridian  distances, 

1.  The  meridian  distance  and  departure,  both 
east,  or  both  west,  their  sum  is  the  meridian  dis- 
t  ance  of  the  same  name. 

2.  The  meridian  distance  and  departure  of  dif- 
ferent names  ;  that  is,  one  east  and  the  other  west, 
their  difference  is  the  meridian  distance  of  the 
3ame  name  with  the  greater. 

Thus  in  the  first  method  of  finding  the  area,  as 
in  the  following  field-book. 

The  first  departure  is  put  opposite  the  north- 
ing or  southing  of  the  first  station,  and  is  the  first 
meridian  distance  of  the  same  name.  Thus  if  the 
first  departure  be  east,  the  first  meridian  distance 
will  be  the  same  as  the  departure,  and  east  also  ; 
and  if  west,  it  will  be  the  same  way. 

The  first  meridian  distance  6.61  E. 

The  next  departure  .  6.61  E. 


The  second  meridian  distance  13.22  E. 

The  next  departure  1.80  E. 


The  third  meridian  distance  15.02  E. 
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At  station  5,  the  meridian  distance      5.78  E. 
The  next  departure  7.76  Wo 


The  next  meridian  distance  1.98  W, 

At  station  1 1,  the  meridian  distance  0.12  We 

The  next  departure  5.84  E. 

The  next  meridian  distance  5.72  Et 


In  the  5th  atid  11th  stations,  the  meridian  dis- 
tance being  less  than  the  departures,  and  of  a  con° 
trary  name,  the  map  will  cross  the  tirst  meridian, 
and  will  pass  as  in  the  5th  line,  from  the  east  to 
the  west  line  of  the  meridian ;  and  in  the  11th 
line  it  will  again  cross  from  the  east  to  the  west 
side,  which  will  evidently  appear,  if  the  field-work 
be  protracted,  and  the  meridian  line  passing  through 
the  first  station,  be  drawn  through  the  map^ 

The  field-book  cast  up  by  the  first  method,  will 
be  evident  from  the  two  foregoing  theorems,  and 
therefore  requires  no  further  explanation  ;  but  to 
find  the  area,  by  the  second  method,  take  this 

Rule, 

When  the  meridian  distances  are  east,  put  the 
products  of  north  and  south  area^in  their  proper 
columns;  but  when  west,  in  their  contrary  co- 
lumns ;  that  is,  in  the  column  of  south  area,  when 
the  difference  of  latitude  ig  north ;  and  in  norta 
when  south :  the  reason  of  which  is  plain,  from  the 
two  last  theorems.  The  difference  of  these  tw^ 
(Columns  will  be  the  area  of  the  map, 

li 
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Field-Book^  Metliod  t 


No 
St. 

2 
3 

4 

•  Bearing! 

.    C.L. 
13.7C 

Lat.  and  Merid. 
halfDep     Dist. 

Area. 

Deduct. 

NE  75 

N     3.54    6.61    E 
E      6.61  13.22    E 

23.3994 

NE20^ 

10.30 

N     9.67 
E       1.8C 

15.02   E 
16.82   E 

144.9430 

East 

16.20 
35.30 

16.00 

— . 

9.00 

0.0c 

E      8.10 

24.92   E 
33.02    E 

SW  33^ 

S    29.44 
W    9.74 

23.28    E 
3.54    E 

685.3632 

5 
6 

SW76 

S      3.87 
W    7.76 

5.78    E 
1.98  W 

22.3686 

North 

N     9.00 
0.00 

1.98  W 
1.98  W 

17.8200 

7 

SW84 

11.60 

S       1.21 
W    5.77 

7.75  W 
13  52  W 

9.3775 

8 

NW531 

,           IN      6.94 
^^•^°jW    4.64 

18.16  W 
22.80  W 

126.0304 

9 

NE36J 

,Q„_    N    1 5.381  ir.06W{, 
*^*^"    E      5.74:1 1.32  Wi' 

262.3828 

10 
11 

NE22^ 
SE755 

14.00 
12.00 

N    13.93    8-64W!      .y.^2 
E      2.68,  5  96Wr"-'^'^^ 

S      2.751  0.12  W 
E      5.84i  5  72    E 

0.3300 

12 
13 

SW15 

10.85 

S     10.48 
W     1.40 

^:m  45.2736 

SW  161 

10.12 

3       9  69 
W     1.46 

^•^^  '^    14  1474 
0.00           14.1474 

1285.1012 
178.0499 

78.0499 

Cont 

ent  in  Chj 

iins,        1107.0513 

The  foregoing  Field-Booky  Method  11. 
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Ji  is  needless  here  to  insert  the  columns  of  bearing  or  distances, 
in  chainSi  they  being  the  same  as  before. 


No. 
St. 

1 
2 
3 
4 
5 
6 

7 

8 

9 
10 
11 

12^ 
13 

Lat.  and 
half  Dtip. 

Merid. 
Dist. 

N.  Area. 

S.  Area. 

N        3.54 
E        6.61 

6.61   E 
13.22  E 

15.02  E 
16.82  E 
24.92  E 
33.02  E 

! 

j   23.3994 

\ 

N        9.65 
E         1.80 

1144.9430 

0.00 
E        8.10 

S      29.44 
W      9.74 

23.28  E 
13.54  E 

685.3^^32 

S         3.87 
W      7.76 

5.78   E 
1.98W 

22.3686 

N        9.00 
0.00 

1.98W 
1.98W 

17.8200 

S         1.21     7.75W 
VV      5.77  il  3.52  W 

9.3775 

N       6.94|18.16W 
W      4.64  22.80W 

126.0303 

N      15.38 
E        5.741 

17.06W 
1I.32W 

8.64W 
5.96W 

262.3828 

N      12.931 
E        2.68: 

111.7152 

S        2.75 
E        5.84 
S       10  48, 

w  1.40 : 

S        9.69 
W      1.46J 

0.12W 
5.72   E 

0.3300 

4  32    E 
2  92    E 

45.2736 

1.46   E 
0.00 

14.1474 

^ 

178.0499 

ii  284. 1012 
178.0499 

Ai 

'ea  in  chair 

IS,  as  bef( 

are, 

1107.0513 
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Construction  of  the  Map,  from  either  the  \^t  or  the  2d  Tabk, 
PL.lO.Jtg.  3, 

Draw  the  line  NS  for  a  north  and  south  line, 
which  call  the  first  meridian ;  in  this  line  assume 
any  point,  as  I,  for  the  first  station*  Set  the  north- 
ing  of  that  stationary  line,  which  is  3.54,  from  1 
to  2,  on  the  said  meridian  line.  Upon  the  point  2 
raise  a  perpendicular  to  the  eastward,  the  meri- 
dian distance  being  easterly,  and  upon  it  set  13.22, 
the  second  number  in  the  column  of  meridian  dis- 
tance from  2  to  2,  and  draw  the  line  1  2,  for  the 
first  distance  line  :  from  2  upon  the  first  meridian, 
set  the  northing  of  the  second  stationary  line,  that 
is,  9.65  to  3,  and  on  the  point  3  erect  a  perpendi- 
cular eastward,  upon  which  let  the  meridian  dis- 
tance of  the  second  station  16.82,  from  3  to  3,  and 
draw  the  line  2  3,  for  the  distance  line  of  the  se- 
cond station.  And  since  the  third  station  has  nei- 
ther northing  nor  southing,  set  the  meridian  dis- 
tance of  it  33.02,  from  3  to  4,  for  the  distance  line 
of  the  third  station.  To  the  fourth  station  there 
is  29.44,  southing,  which  set  from  3  to  5 ;  upon 
the  point  5,  erect  the  perpendicular  d  d'y  on  which 
lay  13.54,  and  draw  the  line  4  to  5. 

In  the  like  manner  proceed  to  set  the  northings 
and  southings  on  the  first  meridian,  and  the  meri- 
dian distances  upon  the  perpendiculars  raised  to 
the  east  or  west;  the  extremities  of  which  con- 
nected by  right  lines,  will  complete  the  map. 

A  Sfiecimen  of  the  Pennsylvania  Method  of  CALCULATlOJ^s 
ivhkh^for  its  Svn/ilicity  and  Ease^  infndmg  the  Meridian  Dis- 
tances^  is  su/i/iosed  to  be  preferable  in  Practice  to  any  Thing  here- 
tofore fiublished  on  the  Siibject. 


F 


IND  in  the  first  place,  by  the  Traverse  Table, 
the  lat.  and  dep.  for  the  several  courses  and  dis- 
tances, as  already  taught;  and  if  the  suryey  be 
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truly  taken,  the  suras  of  the  northings  and  south- 
ings ^vill  be  equal,  and  slso  those  of  the  eastings 
ard  westings.  Then,  in  the  next  place,  find  the 
meridian  distances,  by  choosing  such  a  place  in  the 
column  of  eastings  or  westings,  as  will  admit  of  a 
continual  addition  of  one,  and  subtraction  of  the 
other;  by  which  means  we  avoid  the  inconyenience 
of  changing  the  denomination  of  either  of  the  de- 
partures. 

The  learner  must  not  expect  that  in  real  prac-^ 
tice  the  columns  of  lat.  and  those  of  dep.  will  ex- 
actly  balance  when  they  are  at  first  added  up,  for 
little  inaccuracies  will  arise,  both  from  the  obser- 
vations taken  in  the  field,  and  in  chaining  ;  which 
to  adjust,  previous  to  finding  the  meridian  dis- 
tances, we  may  observe.  That  if,  in  small  sur- 
veys,'the  difference  amount  to  two-tenths  of  a 
perch  for  every  station,  there  must  have  been  some 
error  committed  in  the  field  ;  and  the  best  way  in 
this  case,  will  be  to  rectify  it  on  the  ground  by  a 
re-survey,  or  at  least  as  much  as  will  discover  the 
error.  But  when  the  differences  are  within  those 
limits,  the  columns  of  northing,  southing,  easting, 
and  westing,  may  be  corrected  as  follows  : 

Add  all  the  distances  into  one  sum,  and  say,  as 
that  sum  is  to  each  particular  distance,  so  is  the 
difference  between  the  sums  of  the  columns  of 
northing  and  southing  to  the  correction  of  northing 
or  southing  belonging  to  that  distance :  the  correc- 
tions thus  found  are  respectively  additive,  when 
they  belong  to  the  column  of  northing  or  southing, 
which  is  the  less  of  the  two,  and  subtractive  when 
they  belong  to  the  greater ;  if  the  course  be  dne 
east  or  west,  the  correction  is  always  additive  to 
the  less  of  the  two  columns  of  northing  or  south- 
ing. The  corrections  of  easting  and  westing  are 
found  exactly  in  the  same  manner. 
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This  rule  was  investigated  two  different  ways, 
by  N.  Bowditch,  Author  of  the  Practical  Navi- 
gator, and  R.  Adrain,  Prof.  Math,  and  N.  Phil. 
Columbia  Col.  N.  York,  as  may  be  seen  in  the 
Analyst  No.  IV.  published  in  1808. 

The  following  example  will  sufficiently  illus- 
trate the  manner  of  applying  the  rule. 

In  this  example  the  sum  of  the  distances  is  791, 
and  the  difference  between  the  columns  of  noilh- 
ing  and  southing,  is  .4,  also  the  first  distance  is 
70 ;  say  then, 

791  :  70  :  :  .4  :  .04 

which  fourth  proportional  .04  is  the  first  correc- 
tion belonging  to  the  southing  53.6,  from  which 
the  correction  .04  should  be  subtracted. 

In  this  manner  the  several  corrections  of  the 
southings 

53.6 

29.1  V-    are  found  to  be   .09  V    respectively. 


135.7 


} 


But  as  only  two  of  these  corrections  amount  to 
half  a  tenth,  we  must  use  .1  for  each  of  the  cor- 
rections .09  and  .07,  and  neglect  the  correction 
.04 ;  thus  the  correct  southings  become 

53.6  ) 

29.0  > 

135.6  ) 

In  like  manner  from  the  remaining  distances 
we  ofetain  to 

62.9 )  .04 

the  northings  101.1  f  the  additive  corrections  .06 

54.0  (  .03 

00.0  )  .07 


OF  AREAS. 


24f 


And  consequently,  by  neglecting  .04,  and  .03^ 
and  using  .1  for  each  of  the  two  .06  and  .OT,  th^ 
northings 

62.9 

when  corrected  are  101.2 

54.0 

00.1 

In  obtaining  these  corrections,  it  is  commonly 
unnecessary  to  use  all  the  significant  figures  of 
the  distances  :  thus,  for  the  ratio  of  791  to  70,  w^e 
may  say,  as  80  to  7* 
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The  latitudes  and  departures  being  thus  balan6= 
ed,  proceed  to  insert  the  meridian  distances  by 
the  above  method,  wliere  we  still  make  use  of  the 
same  field  notes,  only  changing  chains  and  links 
into  perches  and  tenths  of  a  perch.  Theft  by  look- 
ing along  the  column  of  departure,  it  is  easy  to 
observe,  that  in  the  columns  of  easting,  opposite 
station  9,  ell  the  eastings  may  be  added,  and  the 
westings  subtracted,  without  altering  the  denomi* 
nation  of  either.  Therefore  by  placing  46.0,  the 
east  departure  belonging  to  this  station  in  the  co- 
lumn of  meridian  distances,  and  proceeding  to  add 
the  eastings  and  subtract  the  westings,  according 
to  the  rule  already  mentioned,  we  shall  find  that 
at  station  8,  these  distances  will  end  in  0,  0,  or  a 
cypher,  if  tiie  additions  and  subtractions  be  right- 
ly made.  Then  multiplying  the  upper  meridian 
distance  of  each  station  by  its  respective  northing 
or  southing,  the  product  will  give  the  north  or 
south  area,  as  in  the  examples  already  insisted  on, 
and  which  is  fully  exemplified  in  the  annexed  spe- 
cimen. When  these  products  are  all  made  out, 
and  placed  in  their  respective  columns,  iheir  dif- 
ference will  give  double  the  area  of  the  plot,  or 
twice  the  number  of  acres  contained  in  the  survey. 
Divide  this  remainder  by  2,  and  the  quotient  thence 
arising  by  IGO  (the  number  of  perches  in  an  acre)^ 
then  will  this  last  quotient  exhibit  the  number  of 
acres  and  perches  contained  in  the  whole  survey ; 
w^hich  in  this  example  may  be  called  110  acres, 
103  perches,  or  110  acres,  2  quarters,  23  perches. 
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FIELD-J\''OTES,  of  the  tiuo  foregoing  Methods^  as  Pfactiscd  in  Perni'^ 

aylvania. 


Cast  up  by  perches  and  tenths  of  a  perch, 
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SECTION  IV. 


OF  OFF-SETS. 


Jl  N  takins;  surveys  it  is  unnecessary  and  unusual 
to  make  a  station  at  every  ansjular  point,  because 
the  field-work  can  be  taken  with  much  greater  ex- 
pedition, by  using  otT-sets  and  intersections,  and 
with  equal  certainty ;  especially  where  creeks,  kc. 
bound  the  survey.  ^ 

Off-sets  are  perpendicular  lines  drawn  or  mea- 
sured from  the  angular  points  of  the  land,  that  lie 
on  the  right  or  left  hand  to  the  stationary  distance, 
thus, 


Let  the  black  lines  represent  the  boundaries  of 
a  farm  or  township  :  and  let  1  be  the  first  station  ; 
then  if  you  have  a  good  view  to  2,  omit  the  angu- 
lar points  between  1  and  2,  and  take  the  bearing 
and  length  of  the  stationary  line  1,  2,  and  insert 
them  in  your  field-book  :  but  in  chaining  from  1  to 
2,  stop  at  d  opposite  the  angular  point  «,  and  in 
your  field-book  inseii  the  distance  from  1  to  d, 
which  admit  to  be  4  C.  25L.  as  well  as  the  measure 
of  the  off-set  ad,  whjch  admit  to  be  IC.  12L.  thus: 
by  the  side  of  your  field-book  in  a  line  with  ihe. 
first  station,  say  at  4C.  25L.  L.  IC.  I2L.  that  is, 
at  4C.  25L.  there  is  an  off-set  te  the  left  hand  of 
IC,  12L. 
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This  done,  proceed  on  your  distance  line  to  e 
opposite  to  the  angle  b,  and  measure  e6,  supposing 
then  1  «  to  be  7C.  40L.  and  eh  3C.  40L.  say  (still 
in  a  line  with  the  first  station  in  your  field-book) 
*'  at  7C.  40L.  L.  3C.  40L."  That  is,  at  7C.  40L. 
there  is  an  ofT-set  to  the  left  of  3C.  40L.  proceed 
then  with  your  distance  line  to/  opposite  to  the 
angle  c,  and  measure /<:^  ;  suppose  then  1/  to  be 
1 3C.  and  fc  1 C.  25L.  say  in  the  same  line  as  before, 
at  13C.  L.  IC.  25L.  Then  proceed  from/  to  2, 
and  you  will  have  the  measure  of  the  entire  sta- 
tionary line  1,2,  which  insert  in  its  proper  column 
hyihe  bearing. 

In  taking  off-sets,  it  is  necessary  to  have  a  perch 
chain,  or  a  staff  of  half  a  perch,  divided  into  links 
for  measuring  them  ;  for  by  these  means  the  chain 
in  the  stationary  line  is  undisturbed,  and  the  num- 
ber of  chains  and  links  in  that  line  from  whence, 
or  to  which,  the  off-sets  are  taken,  may  be  readily 
known. 

Having  arrived  at  the  second  station,  if  you  find 
your  view  will  carry  you  to  3,  take  the  bearing 
from  2  to  3,  and  in  measuring  the  distance  line, 
stop  at  /  opposite  g  ;  admit  21  to  be  4C.  lOL.  and 
the  off-set  Ig  IC.  20L.  then  in  a  line  with  the  se- 
cond station  in  your  field-book,  say  at  4C.  lOL.  R. 
3C.  20L.  that  is,  the  off-set  is  a  right  hand  one  of 
IC.  20L.  Again  at  w/,  which  suppose  to  be  lOC. 
25L.  from  2  ;  take  the  off-set  mh  of  IC.  15L.  and 
in  a  line  with  the  second  station,  say  at  i  OC.  25L., 
R.  IC.  15L.  In  the  same  line  when  you  come  to 
the  boundary  at  i,  insert  the  distance  2«,  1 3C.  lOL. 
thus,  at  13C.  lOL.  0 ;  that  is,  at  I3C.  lOL.  there  is 
no  off-set.  At  w,  which  is  15C.  from  2,  take  the 
off-set  7ik  45L.  and  still  opposite  to  the  second  sta» 
lion  say  at  15C.  L.  45.  L. 
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Let  the  line,  3,  6,  represent  the  boundary,  which 
by  means  of  water,  briers,  or  any  other  impedi- 
ment^ cannot  be  measured.  In  this  case  make  one 
or  more  stations  within  or  without  the  land,  where 
the  distances  may  be  measured,  and  draw  a  line 
from  the  beginning  of  the  lust  to  the  end  of  the 
last  distance,  thus;  make  stations  at  3,  4,  and  5, 
taking  the  l>eaiings,  and  measuring  the  distances 
as  usual,  which  insert  in  your  field-book,  and  draw 
a  mark  like  one  side  of  a  parentliesis,  from  th'e  third 
to  the  fifth  station,  to  shew  thai  a  line  drawn  from 
the  third  station  to  the  fanhest  end  of  the  fifth  sta- 
tionary line  will  express  the  boundary.     Thu^, 
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3.36 

Suppose  the  point  j?  of  the  boundary  to  be  inac- 
cessible, by  means  of  the  lines  6p  or  />7,  being 
overflowed,  or  that  of  a  quarry,  furze,  kc.  might 
prevent  your  taking  their  lengths  :  in  ihis  case 
take  the  bearing  of  the  line  6,  7,  which  insert  op- 
posite to  the  sixth  station  in  your  field-book  with 
the  other  bearing ;  then  direct  the  index  to  the 
point  j?,  and  insert  its  bearings  on  the  left  side  of 
the  field-book,  opposite  to  the  sixth  station,  annex- 
ing thereto  the  words  Intfor  hoinidary  ;  and  hav- 
ing measured  and  inserted  the  distance  6,  7,  set  the 
index  in  the  direction  of  the  line  7;?,  and  insert  its 
bearing  on  the  left  of  the  seventh  station  of  the 
field-book,  annexing  thereto  the  words  Jut  for 
boundary :  the  crossing  or  intei  section  of  these  two 
bearings  will  determine  the  point  jj,  and  of  course 
ihe  boundary  ^pl  is  also  determined. 

If  your  view  will  then  reach  in  the  first  station^ 
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^oJ' 


take  its  bearing,  stationary  line,  and  off-sets,  as  be- 
fore, and  you  have  the  field-book  completed.  Thus, 

The  Field-Book. 


Remarks  and  intersect. 

N. 
St. 

Deg. 

C.  L. 

OFF-SETS- 

318  int.  to  a  tower 

1  358 

JiTii 

At4C.25L.L.  iC. 

12L.  at7C.  40L. 

L.    3C.   40L.   at 

13C.  L.  IC  25L. 

23 1|.  Int.  to  ditto 

2 

297| 

22.12 

At4C.  lOL.  R.  IC. 
20L.  at  IOC.  25L. 
R.  IC.  5iL.  at 
13C.    lOL.  0.  at 

15C.  L.45L. 

3 

172i 

5.15 

1 

4 

2G0 

1325 

^ 

5 
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3  36 

15  53  Int.  for  bound. 

6 

125 

15.15 

At  IC.  20L.  L.  2C. 

'  274  int.  for  ditto. 

7 

105j 

15.10 

20L.  at  7C.  45L, 
L.  2C.  32L.  at 
lie.   25L.  0.  ai 

12C.25L.R.36L: 

Close  at  the  first  station. 

If  you  would  lay  down  a  tow  er,  house,  or  any 
other  remarkable  object  in  its  proper  place  ;  from 
any  two  stations  take  bearings  to  the  object,  and 
their  intersection  will  determine  the  place  where 
you  are  to  insert  it,  in  the  manner  that  the  tower 
is  set  out  in  the  figure,  from  the  intersection  taken 
at  the  first  and  second  stations  of  the  above  field- 
book. 

A  protraction  of  this  will  render  all  plain,  on 
which  lay  off  all  your  off-sets  arid  intersections, 
and  proceed  to  find  the  content  by  any  of  the  me- 
thods in  section  the  4th. 
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The  foregoing  Jield-book  may  he   otherwise  Icept, 

thus. 


Remarks  and  intersection. 

No 
St. 

Deg. 

Off-set  ,^'t    Ofi-set 

3  i  8  Int.  to  a  tower 

1 

338 

1.12 

3.40 
1.25 

4.25 

7  40 

13.00 

22.12 

232f  Int.  for  ditto. 

2 

2975 

4.10 

1.20 

0.45 

10.25 
13.10 
15.00 

1.15 

21.21 

r 

3 

172^ 

5.45 

I 

4 

200 

13. .5 

5 
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3.36 

155 J  Int.  for  bound. 

6 

125 

15.15 

274  In.  for  boundary. 

7 

105 

2.20 
2.32 

1.20 
7.45 
11. 25 
12.25 

0.36 

15.10 

Ho7V  to  cast  up  off-sets  hy  the  pen. 

Fl.  11.  Jig.  2. 

1,  2  — 1/-2/— lc=/e,  le  —  ld=ed. 

Then  Id  X  ida^lda^  by  pfob.  6,  page  183,  and 
hedxda+fc==bejcy  and  2/  x  ^  fc^cp ;  the  stun 
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of  all  which  will  be  Jabc21  ;  the  area  contained 
between  the  stationary  line  1,  2,  and  the  bounda- 
ry, 1  abc  2. 

In  the  same  manner  you  may  find  the  area  of 
2ihg2y  of  iA:3i,  as  well  as  what  is  without  and  with- 
inside  of  the  stationary  line  7,  1. 

If  therefore  the  left  hand  off-sets  exceed  the 
right  hand  ones,  it  is  plain,  the  excess  i^^ust  be  ad- 
ded to  the  area  within  the  stationary  lines,  but  if 
the  right  hand  off-sets  exceed  the  left  hand  ones,, 
the  difference  must  be  deducted  from  the  said  area; 
if  the  ground  be  kept  on  the  right  h^nd,  as  we  have 
all  along  supposed  ;  or  in  words,  thus  ; 


To  Jind  the  conUnts  of  off-sets. 


1.  From  the  distance  line,  take  the  distance  t© 
l)he  preceding  off-  set,  and  from  that  the  distance  of 
the  one  preceding  it,  &c.  in  four-pole  chains ;  so 
will  you  have  the  respective  distances  from  off-set 
%o  off-set,  but  in  a  retrograde  order. 

2.  Multiply  the  last  of  these  remainders  by  I 
the  first  off-set,  the  next  by  h  the  sum  of  the  first 
and  second,  the  next  by  half  the  sum  of  the  se- 
cond and  third,  the  next  by  half  the  sum  of  the 
third  and  fourth,  &c.  The  sum  ©f  these  will  be 
Mie  area  produced  by  the  ofi-sets. 

Thus,  in  the  foregoing  field-book,  the  first  sta- 
tionary line  is  22C,  12L.  or  llC.  12L,  of  four-pole 
cbaiia!^.     See  the.  figure. 


25ti  OF  OFF-SETS. 


Ch.L. 

Ch.  L. 

Ch.  L. 

From  11.12=1,2 

6.50  =  1/ 

3.90=  1« 

Take    6.50  =  1/ 

3.90=  le 

2.25=]^ 

4.62=2/       2.60=f/  1.65=C£? 


Ch.  L. 

1J=2.25X32L.  half  the  first  off-set=  .7200 

cc/=  1 .65X 1 C.  26L.  i  the  sum  of  the  1  st  and  2d  2.0790 
^=2.60xiC.  32L.i  the  sum  of  2d  and  3d=3.4320 
2/=4.62>^7L.  half  the  last  ofr-set=  1.7094 

Content  of  left  off-sets  on  the  first  dist.       

in  square  four-pole  chains  7.9404 

In  like  manner  the  rest  are  performed. 
The  sum  of  the  left  hand  off-sets  will  be    14.0856 
And  the  sum  of  the  right  hand  ones  3.6825 


Excess  of  left  hand  off-sets  in  squ.  4  pole  C.  10.4031 

Acres  1.04031 


.16124 
4 


Perches         6.4496 


Excess  of  left  hand  off-sets  above  the  right  hand 
ones,  lA.  OR.  6P.  to  be  added  to  the  area  within 
the  stationary  lines. 
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SECTION  Y. 


To  find  the  area  of  a  piece  of  Ground  by  mtersections  only,  when 
all  c/ic  angles  ofthejicld  can  be  seen  from  any  two  Stations  on  the 
outside  qJ  the  ground. 


PL.  12. Jig.  I 


LiET  ABODE FG  be  a  field,  H  and  /  two 
places  on  the  outside  of  it,  from  whence  an  ob- 
ject  at  every  angle  of  the  field  may  be  seeo. 

Take  the  bearing  and  distance  between  H  and 
J,  set  that  at  the  head  of  your  field-book,  as  in  the 
annexed  one.  Fix  your  instrument  at  H,  from 
whence  take  the  bearings  of  the  several  angular 
points  A,  By  C,  D,  &c.  as  they  are  here  represent- 
ed by  the  lines  HA,  HB,  HC,  HD,  kc.  Again 
fix  your  instrument  at  /,  and  take  bearings  to  the 
same  angular  points,  represented  by  the  lines  lA, 
IB,  IC,  ID,  kc,  and  let  the  first  bearings  be  en- 
tered in  the  second  column,  and  the  second  bear- 
ings in  the  third  column,  of  your  field-book ;  then 
it  is  plain  that  the  points  of  intersection,  made 
from  the  bearings  in  the  second  and  third  columns 
of  every  line,  will  be  the  angular  points  of  the 
field,  or  the  points  A,  B,  C,  D,  kc.  which  points 
being  joined  by  right  lines,^  will  ffive  the  plan 
ABCDEFGHA  required. 

LI 
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Bear.  180  Dis.  28C.  of  the  Sta.  H  and  I. 


No. 

Bear. 

Bear. 

A 

2()1| 

331^ 

B 

265i 

3J7i 

C 

248 

307# 

D 

2387 

289 

E 

215i 

262.^ 

F 

208i 

286i 

G 

220 

300 

The  saiTie^may  be  done  from  any  two  stations 
within-side  of  the  land,  from  whence  all  the  angles 
of  the  field  can  be  seen. 


This  method  will  be  found  useful  in  case  the 
stationary  distances  from  any  cause  prove  inac- 
cessible, or  should  it  be  required  to  be  done  by  one 
party,  when  the  other  in  whose  possession  it  is,  re- 
fuses to  admit  you  to  go  on  the  land. 


To  Jind  the  content  ofajield  by  calculation^  which  ims  taken  b^ 
intersection. 


In  the  triangle  AIH,  the  angles  AHI,  AJH 
and  the  base  HI  being  know^n,  the  perpendicular 
Aa,  and  the  segments  of  the  base  Ha,  ^/may  be 
obtained  by  trigonometry  :  and  in  the  same  man- 
lier all  the  other  perpendiculars  Bh,  Cc,  Hd,  Ee, 
Ff,  Gg,  and  tlie  several  segments  at  6,  c,  c?,  e,f,  and 
g :  if  therefore  the  several  perpendiculars  be  sup- 
posed to  be  drawn  into  the  scheme  (which  are  here 
omitted  to  prevent  confusion  arising  from  a 
multiplicity  of  lines)  it  is  plain  that  if  from 
bBCDEeh,  there  be  taken  bBAGFeb,  the  re 
mainder  will  be  the  map  ABCIJEFGA . 
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As  before  half  the  sum  of  Bh,  and  Cc  multipli- 
ed by  be,  will  be  the  area  of  the  trapezium  hBCc; 
after  the  same  manner,  half  the  sum  of  Cc,  and 
Dd,  multiplied  by  cd,  will  give  the  area  of  the  tra- 
pezium cCDd;  and  again,  half  the  sum  of  Dd,  and 
Ee  multiplied  by  de,  gives  the  area  of  the  trape- 
zium dBEe  ;  and  the  sum  of  these  three  trapezia 
will  be  the  area  of  the  figure  bBCDeb. 

Again,  in  the  same  manner,  half  the  sum  of  Bb 
and  Aa  multiplied  by  ah,  will  give  the  area  of  the 
trapezium  BbAa  ;  and  half  the  sum  of  a  A,  and 
gG,  by  ag,  gives  the  trapezium  aAGg  ;  to  these 
add  the  trapezia  ^(rjFT*,  and  fFEe,  which  are  found 
in  the  like  manner,  and  you  ^vill  have  the  figure 
bBAGFEeb,  and  this  taken  from  bBCBeb,  will 
leave  the  map  ABCBEFGA.    Q.  E.  F. 


It  wall  be  sufficient  to  protract  this  kind  of  work, 
and  from  the  map  to  determine  the  area  as  Avell 
as  in  plate  10.  fig.  3.  to  find  the  areas  of  the  pieces, 
3,  4,  5,  6,  3,  and  6,  7,  7,  6,  from  geometrical  con- 
structions. 


How  to  determine  the  station  where  a  fault  has  been  committed  iii 
a  field  book,  without  the  trouble  of  going  round  the  whole  ground 
a  second  time. 


From  every  fourth  or  fifth  station,  if  they  be  not 
very  long  one*,  or  oftener  if  they  are,  let  an  inter- 
sectionbe  taken  to  any  object,  as  to  any  particular 
part  of  a  castle,  house,  or  cock  of  hay,  &;c.  o\  if  all 
these  be  wanting,  to  a  long  staff  with  a  white  sheet 
or  napkin  set  thereon,  to  render  the  object  more 
conspicuous,  and  let  this  be  placed  on  the  summit 
of  the  land,  and  let  the  respective  intersections  so 
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taken  be  inserted  on  the  left  hand  side  of  the  field- 
book,  opposite  to  the  stations  from  whence  they 
were  respectively  taken. 

In  your  protraction  as  you  proceed,  let  every 
intersection  be  laid  off  from  the  respective  stations 
from  whence  they  were  taken,  5ind  let  these  lines 
be  continued  ;  if  they  all  converge  or  meet  in  one 
point,  we  thence  conclude  all  is  right,  or  so  far  as 
they  do  converge  ;  but  if  we  find  a  line  of  inter- 
section lo  diverge  or  fly  off  from  the  rest,  we 
may  be  sure  that  either  a  mistake  has  happened 
between  the  station  the  foregoing  intersection  was 
taken  at,  and  the  station  from  whence  the  intersec- 
tion line  diverges,  or  there  must  be  an  error  in  the 
intersection ;  but  to  be  assured  in  which  of  these 
the  fault  is,  protract  on  to  the  next  intersection, 
and  having  set  it  off,  if  it  converges  with  the  re^, 
though  the  foregoing  one  did  not,  we  may  con- 
clude the  fault  v/as  committed  in  taking  the  last 
intersection  but  one,  and  none  in  any  station,  and 
that  so  far  is  true  as  is  protracted ;  but  if  this  as 
well  as  the  foregoing  intersection  diverge  or  fly 
from  the  point  of  concourse  or  converging  point 
of  the  rest,  the  error  must  have  its  rise  from  some 
station  or  stations,  at  or  after  that,  from  whence 
the  last  converging  intersection  line  was  taken  : 
so  that  by  going  to  that  station  on  the  ground, 
and  proceeding  on  to  that  where  the  next,  or  from 
whence  the  following  diverging  intersection  was 
taken,  we  can  readily  and  with  little  trouble  set 
all  to  rights. 

But  in  most  tracts  of  land,  one  object  cannot 
be  sef*n  from  every  station,  or  from  perhaps  one 
fourth  of  them ;  in  this  case  we  are  under  the  ne- 
cessity to.  move  the  pole  after  we  begin  to  lose 
sight  of  it,  to  some  other  part  of  the  land,  where 
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it  may  be  seen  from  as  many  more  stations  as  pos- 
sible ;  which  is  easily  done  by  viewing  the  bound- 
ary before  it  be  surveyed  :  the  pole  then  being 
fixed  in  an  advantageous  place,  the  first  intersec- 
tion to  it  is  best  to  be  made  from  the  same  station 
from  whence  the  last  one  was  taken,  and  then  as 
often  as  may  be  thought  convenient,  as  before  ; 
in  like  manner  the  whole  may  be  done  by  the  re- 
moval of  the  pole. 

When  we  here  speak  of  stations,  we  do  not  mean 
such  as  are  usually  taken  at  every  particular  angle 
of  the  fields:  for  it  is  to  be  apprehended,  that  every 
skilful  surveyor,  particularly  such  who  use  calcu- 
lation, will  take  the  longest  distances  possible, 
not  only  to  lessen  the  number  of  stations,  for  the 
ease  of  either  protraction  or  calculation,  but  with 
greater  certainty  to  account  for  the  land  passed 
by,  on  the  right  hand  or  on  the  left,  which  is  ta- 
ken by  ofF-sets  :  and  surely  it  will  be  allowed  that 
any  measure  taken  on  the  ground,  aiid  the  con- 
tent thence  arithmetically  computed,  atiII  be  much 
more  accurate  than  that  which  is  obtained  from 
any  geometrical  projection. 

From  what  has  been  said  it  is  plain,  that  from 
this  method  any  fault  committed  in  a  survey  can 
be  readily  determined,  and  therefore  must  be 
much  preferable  to  the  present  method  of  taking 
diagonals,  or  the  bearings  and  lengths  of  lines  a- 
cross  land,  to  accomplish  that  end ;  which  last 
method  is  too  frequently  used  by  surveyors  to  ap- 
proximate or  arrive  near  the  content,  which  will 
ever  remain  uncertain,  let  these  diagonals  be  ever 
so  many,  till  the  station  or  stations  wherein  the 
error  or  errors  were  committed,  be  founJ  ;  and 
the  fault  or  faults  be  corrected. 
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Where  one  diagonal  is  taken,  it  may  perhaps 
close  or  meet  with  one  part  of  the  survey  and  not 
with  the  other ;  in  tliis  case,  if  the  surveyor  would 
discover  his  error,  he  must  survey  that  part  of  the 
land  which  did  not  close,  and  this  may  be  half  or 
more,  of  the  whole.  And  should  the  diagonal 
close  with  neither  part,  but  be  too  long,  or  too 
short,  or  should  it  fall  on  either  side  of  the  assign- 
ed point  it  was  to  close  with,  he  ought  to  go  over 
the  whole,  and  make  a  new  survey  of  it  in  order 
to  discover  his  error. 

A  number  of  diagonals  are  frequently  taken, 
the  sum  of  the  lengths  of  which  very  often  ex- 
ceeds the  circuit  of  the  ground,  and  after  all  they 
are  but  approximations,  and  the  content  remains 
uncertain  as  before  ;  therefore  he  who  returns  a 
map,  made  up  by  the  assistance  of  diagonals, 
where  there  remains  a  misclosure  in  any  one  part, 
runs  the  risque  of  being  detected  in  an  error,  and 
must  suffer  uneasiness  in  his  mind,  as  he  cannot 
be  certain  of  the  return  he  makes. 

The  frequent  misclosures  which  are  botched 
up  by  diagonals,  occasion  the  many  and  frequent 
scandalous  broils  and  animosities  between  survey- 
ors, which  tend  to  the  loss  of  character  of  the  one 
or  the  other,  and  indeed  often  to  the  disrepute  of 
both,  as  well  as  to  that  of  the  science  they  pro- 
fess. 

But  these  may  be  easily  remedied  by  intersec- 
tions, and  the  bearing  or  line  to  be  adjusted  where 
the  fault  was  committed,  and  till  this  be  found, 
nothing  can  be  certain. 
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SECTION  VI. 


To   ENLARGE   OR   BIMINISH    MAPS. 


To  enlarge  or  dinmiiftli  a  mafij  or  io  reduce  a  mafifrom  one  scale  to 
another  ;  also  the  manner  of  uniting  separate  maps  of  lands  tv/iicli 
join  each  other y  into  one  Map  of  any  assigned  size. 


XjAY  the  map  you  would  enlarge,  over  the  pa- 
per on  which  you  would  enlarge  it,  and  with  a 
fine  protracting  pin,  prick  through  every  angular 
point  of  your  map,  join  these  points  on  your  paper 
(laying  the  map  you  copy  before  you)  by  pencil- 
led or  popped  lines,  and  you  have  the  copy  of  the 
map  you  are  to  enlarge  :  in  this  manner  any  pro- 
traction! may  be  copied  on  paper,  vellum,  or 
parchment,  for  a  fair  map. 

If  you  would  enlarge  a  map  to  a  scale  whick 
is  double,  or  treble,  or  quadruple  to  that  of  the 
map  to  be  enlarged,  the  paper  you  must  provide 
for  its  enlargement  must  be  two,  or  three,  or  four 
times  as  long  and  broad  as  the  map ;  for  which 
purpose  in  large  things  you  will  find  it  necessary 
to  join  several  sheets  of  paper,  and  to  cement  them 
with  white  wafer  or  paste,  but  the  former  is  best. 

Then  pitch  upon  any  point  in  your  copied  map 
for  a  centre  ;  from  whence  if  distances  be  taken 
to  its  extreme  points,  and  thence  if  those  distances 
be  get  in  a  rio^ht  line  with  fbut  from)  the  centre. 
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and  these  last  points  fall  within  your  paper,  the 
map  may  be  increased  on  it  to  a  scale  as  large 
again  as  its  own  ;  and  if  the  like  distances  be  again 
set  outwards  in  right  lines  from  the  centre,  and  if 
these  last  points  fall  within  your  paper,  it  will  con- 
tain a  map  increased  to  a  scale  three  times  as  large 
as  its  own,  &;c. 

Let  the  pricked  or  popped  lines  represent  the 
copy  of  a  down  or  old  survey,  laid  down  by  a 
scale  of  BO  perches  to  an  inch,  and  let  it  be  re- 
quired to  enlarge  it  to  one  laid  down  by  40  to  an 
inch.  4 

Pitch  upon  your  centre  as  O,  from  whence  thro' 
a  lay  the  fiducial  edge  of  a  thin  ruler,  with  a  fine 
pointed  pair  of  compasses,  take  the  distance  from 
a  to  the  centre  O,  and  lay  it  by  the  ruler's  edge 
from  a  to  ^.'  in  the  like  manner  take  the  distance 
from  the  next  station  b  to  the  centre  O,  and  lay  it 
over  in  a  right  line  from  bio  By  and  join  the  points 
A  and  B  by  tht-  right  line  AB  ;  in  the  like  man- 
ner set  over  the  distance  from  every  station  to  the 
centre,  from  that  station  outwards,  and  you  will 
have  every  point  to  enlarge  to  ;  the  joining  of 
these  constantly  as  you  go  on  by  right  lines,  will 
give  yoU'  the  enlarged  map  required. 

In  taking  the  distance  from  every  station  to  the 
centre,  set  one  foot  of  Xha  compasses  in  the  sta- 
tion, and  the  other  very  lightly  over  the  centre- 
point,  so  lightly  as  scarcely  to  touch  it,  otherwise 
the  centre-point  will  become  so  wide,  that  it  may 
occasion  several  errors  in  the  enlarged  map :  for 
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if  you  err  from  the  exact  centre  but  a  little,  that 
error  will  become  double,  or  treble,  or  quadruple, 
as  you  enlarge  to  a  scale  that  is  double,  or  treble, 
or  quadruple  of  the  given  one;  therefore  great 
accuracy  is  required  in  enlarging  a  map. 

When  you  have  done  with  a  station,  give  a  dash 
with  a  pen  or  pencil  to  it,  such  as  at  the  station  a 
and  h  ;  by  this  means  you  cannot  be  disappointed 
in  missing  a  station,  or  in  laying  your  ruler  over 
one  station  twice. 


From  what  has  been  said  it  is  plain,  that  if  a 
map  is  to  be  enlarged  to  one  whose  scale  is  double 
the  given  one,  that  the  distances  from  the  respec- 
tive stations  to  the  centre,  being  set  over  by  the 
ruler's  edge,  will  give  the  points  for  the  enlarged 
one.     And  thus  may  a  map  be  enlarged  from  a 
scale  of  160  to  one  of  80,  from  one  of  80  to  one  of 
40,  from  one  of  20  to  one  of  10  perches  to  an  inch, 
&:c.     For  to  enlarge  to  a  scale  that  is  double,  the 
number  of  perches  to  an  inch  for  the  enlarged  niiap 
must  be  half  of  those  to  an  inch  for  that  to  be  en- 
larged :  to  enlarge  to  a  scale  that  is  treble  the  giv- 
en one,  the  number  of  perches  to  an  inch  for  the 
enlarged  map,  will  be  one  third  of  those  for  the 
other ;  if  to  a  scale  that  is  quadruple  the  given 
one,  the  number  of  perches  to  an  inch  for  the  en- 
larged map,  will  be  one   fourth  of  those  for  the 
other,  (fcc*  therefore  if  you  would  enlarge  a  map 
which  is  laid  down  by  a  scale  of  120  perches  to 
an  inch,  to  one  of  40  perches  to  an  inch,  the  dis^ 
tance  from  the  several  stations  to  the  centre,  be- 
ing set  twice  beyond  the  said  stations,  will  mark 
out  the  several  points  required,  for  these  points 
wall  be  three  times  further  from  the  centre  than 
the  stationary  points  of  the  map  are. 

Mm 
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In  the  same  manner,  if  you  would  enlarge  a 
map  from  a  scale  of  160,  to  one  of  40  perches  to 
an  inch,  the  distance  from  the  several  stations  to 
the  centre,  being  set  three  times  beyond  said 
stations,  will  lay  out  the  points  for  your  enlarged 
map,  for  these  points  will  be  four  times  further 
from  tlie  centre  than  are  the  stations  of  the  map. 

When  a  map  is  enlarged  to  another,  whose  scale 
is  double,  or  treble,  or  quadruple,  &c.  of  the  given 
one,  every  line,  as  well  as  the  length  and  breadth 
of  the  enlarged  map,  will  be  double,  or  treble,  or 
quadruple,  &c.  those  of  the  given  one,  for  it  must 
be  easy  to  conceive  that  those  maps  are  like  :  but 
the  area,  if  the  scale  be  double,  will  be  four  times; 
if  treble,  nine  times ;  if  quadruple,  sixteen  times 
that  of  the  given  figure  ;  that  is,  it  will  contain 
four,  nine,  or  sixteen  times  as  many  square  inches 
as  the  given  one  (for  it  has  been  shewn  that  like 
polygons  are  in  a  duplicate  proportion  with  the 
homologous  sides).  Yet  these  figures  being  cast 
up  -by  their  respective  scales  will  produce  the 
same  content. 

Thus  much  is  sufficient  for  enlarging  maps,  and 
from  hence,  diminishing  of  them  will  be  obvious ; 
for  one  fourth,  one  third,  or  half  the  distances 
from  the  several  stations  to  the  centre,  will  mark 
©ut  points,  which  if  joined,  will  compose  a  map 
similar  to  the  given  one,  whose  scale  will  be  four 
times,  three  times,  or  twice  as  small  as  the  given 
one. 


Thus,  if  we  would  reduce  a  map  from  40  to  80, 
from  20  to  40,  from  10  to  20  perches  to  an  inch, 
&:c.  half  the  distance  of  the  stations  from  the 
centre  will  give  the  points  requisite  for  drawing  the 
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inap  ;  if  we  would  reduce  from  40  to  120,  from 
20  to  60,  from  10  to  30  perches  to  an  inch,  &c. 
one  third  of  tiie  distances  to  the  centre,  will  give 
the  points  for  the  map  ;  and  if  we  would  reduce 
from  40  to  160,  from  20  to  80,  from  10  to  40 
perches  to  an  inch,  &:c.  one  fourth  of  the  dis- 
tances to  the  centre,  will  give  the  points  for  the 
map. 

By  the  methods  here  laid  down  I  have  reduced 
a  map  from  a  scale  of  40  to  one  of  20  perches  to 
an  inch,  which  contained  upwards  of  1200  acres, 
and  consisted  of  224  separate  divisions,  without 
the  least  confusion  from  the  lines ;  for  none  can 
arise  if  the  methods  hera  laid  down  be  strictly  ob- 
served. 


I  have  also  from  the  same  methods  reduced  a 
large  book  of  maps,  each  of  which  was  an  entire 
skin  of  parchment,  and  the  whole  contained  up- 
wards of  46000  acres,  to  a  pocket  volume ;  and 
afterwards  connected  all  these  maps  into  one  map, 
which  was  contained  in  one  skin  of  parchment : 
therefore  upon  the  whole  I  do  recommend  these 
methods  for  reducing  maps  to  be  much  more  ac- 
curate than  any  of  the  methods  commonly  used, 
such  as  squaring  of  paper,  using  a  parallelogram, 
proportionable  compasses,  or  any  other  method  I 
ever  met  with,  though  the  figures  to  be  reduced 
were  ever  so  numerous,  irregular,  or  complicated. 


To  unite  separate  mafis  of  lands  "iKhichjoin  eachother»  into  one  map 
of  any  assigned  size. 


If  there  be  several  large  maps  contained  in  a 
book,  each  of  which  suppose  to  take  up  a  skin 
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of  parchment,  or  a  sheet  of  the  largest  paper; 
which  maps  of  lands  join  each  other  ;  and  it  be  re- 
quired to  reduce  them  to  so  small  a  scale,  that 
iall  of  them  when  joined  together  may  be  contain- 
ed in  one  skin,  half  a  skin,  or  any  assigned  sized 
piece  of  parchment,  or  paper. 

Having  pricked  off  and  copied  the  several  maps- 
on  any^  kind  of  paper,  unite  them  by  cutting  with 
scissors  along  the  edge  of  one  boundary  which  is 
adjoining  the  other,  but  not  cutting  by  the  edge 
of  both,  and  throw  aside  the  parts  cut  off;  then 
lay  these  together  on  a  large  table,  or  on  the 
floor,  and  where  the  boundaries  agree,  they  will 
fit  in  with  each  other  as  indentures  do  ;  and  after 
this  manner  they  are  easily  connected  :  measure 
then  the  length  and  breadth  of  the  entire  connect- 
ed maps,  and  the  length  and  breadth  of  the  parch- 
ment or  paper  you  are  confined  to  ;  if  the  former 
be  three,  four,  or  five  times  greater  (that  is,  longer 
and  broader)  than  the  latter,  reduce  each  copied 
map  severally  to  a  scale  that  is  three,  or  four,  or 
five  times  less,  as  before  ;  and  the  same  parts  of 
the  boundaries  you  cut  by  in  the  large  map^,  by 
the  same  you  must  also  cut  in  small  ones,  and 
unite  the  small  as  the  large  ones  were  united  ;  ce- 
menting them  together  with  white  wafer :  thus 
will  your  map  be  reduced  to  the  assigned  size, 
which  copy  over  fair,  on  the  parchment,  or  paper 
you  were  confined  to. 

But  it  is  not  always  that  a  person  is  confined  to 
a  given  area  of  parchment,  or  paper ;  in  such 
cases,  if  there  are  many  large  maps  to  be  united 
into  one,  reduce  each  of  them  severally  to  a  scale 
of  160  perches  to  an  inch,  and  unite  those  by  the 
contiguity  or  boundaries,  as  before :  or  if  you  have 
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a  few,  it  will  be  sufficient  to  reduce  them  to  a  scale 
of  120,  SCc.  But  having  the  maps  given,  and  the 
scale  by  which  they  are  laid  down,  your  reason 
will  be  sufficient  to  direct  you  to  know  what  scalt 
they  should  be  reduced  to. 


Directions  concerning  surveys  in  general. 

If  you  have  a  large  quantity  of  ground  to  sur- 
vey, which  consists  of  many  fields  or  holdings, 
and  that  it  be  required  to  map  and  give  the  re- 
spective contents  of  the  same,  it  is  best  to  make 
a  survey  of  the  whole  first,  and  to  be  satisfied 
that  it  is  truly  taken,  as  well  as  to  find  its  con- 
tent ;  and  as  you  go  round  the  land,  to  make  a 
note  on  the  side  of  your  field-book  at  every  station 
where  the  boundary  of  any  particular  field  or 
holding  intersects  or  meets  the  surround ;  then 
proceed  from  any  one  of  those  stations,  and  in 
your  field-book  say,  "proceed  from  such  a  station," 
and  when  you  have  gone  round  that  field  or  divi- 
sion, insert  the  station  you  close  at,  and  so  through 
the  whole  :  a  little  practice  can  only  render  this 
sufficiently  familiar,  and  the  method  of  protraction 
must  be  evident  from  the  field-notes.  TVlien  the 
whole  is  protracted,  and  you  are  satisfied  of  the 
closes  of  the  particular  divisions,  cast  up  each  se- 
verally, and  if  the  sum  of  their  contents  be  equal 
to  the  content  of  the  whole  first  found,  you  may 
safely  conclude  that  all  is  right. 

The  protraction  being  thus  finished  and  cast  up, 
transfer  it  on  clean  paper,  vellun],  or  parchment, 
as  before  ;  be  careful  to  draw  your  lines  with  a 
fine  pen,  write  on  it  the  names  of  the  circumjacent 
lands,  and  set  Ko.  ],  2,  3,  4,  ^^c,  in  every  parti- 
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cular  field  or  division ;  let  every  tenant's  particular 
holding  be  distinguished  by  a  different  coloured 
paint  being  run  finely  along  the  boundaries ;  let 
all  the  roads,  rivulets,  rivers,  bridges,  bogs,  ponds, 
houses,  casfles,  churches,  beacons  (or  whatever 
else  may  be  remarkable  on  the  ground)  be  dis- 
tinguished on  the  map.  Write  the  title  of  the 
map  in  a  neat  compartment  either  drawn,  or  done 
from  a  good  copper-plate  graving,  with  the  gen- 
tleman's arms.  Prick  off  one  of  your  parallels 
with  the  map,  and  on  it  make  a  mariner's  com- 
pass, and  draw  a  floAver-de-luce  to  the  north,  and 
this  will  represent  the  magnetical  north ;  after 
which  set  off  the  variation,  which  express  in  fi- 
gures, and  through  the  centre  of  the  compass,  let 
a  true  meridian  line  be  drawn  of  about  3  inches 
long,  by  which  write  True  Meridian.  Let  a  scale 
be  draAvn,  or  it  is  sufficient  to  express  the  number 
of  perches  to  an  inch,  the  map  was  laid  down  by. 
Draw  a  reference  table  of  three,  or,  if  occasion  be, 
of  four  or  more  columns ;  in  the  first  insert  the 
number  of  the  field  or  holding :  in  the  next  its 
name,  and  by  whom  occupied  :  in  the  third  the 
quantity  of  acres,  roods,  and  perches  it  contains  : 
if  you  have  unprofitable  land,  as  bog  or  mountain, 
let  the  quantity  be  inserted  in  the  fourth  column ; 
and,  if  it  be  required,  you  may  make  another  co- 
lumn for  statute  measure,  and  then  the  map  is 
completed. 
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SECTION  VII. 

the  method  of  dividing  land,   or  of  taking 
off  or  inclosing  any  given  quantity, 

Example  i. 

Pl,  \2.Jig.  1. 

Let  ABCD,  S^^c,  be  a  map  of  ground,  contain- 
ing 11  acres,  it  is  required  to  cut  off  a  piece  as 
BEFGID^  tliat  shall  contain  5  acres. 

Join  any  two  opposite  stations  as  D  and  G,  with 
the  Ijne  JOG,  (which  you  may  nearly  judge  to  be 
the  partition  line)  and  find  the  area  of  the  part 
DEFG,  which  suppose  may  want  3R.  20P.  of  the 
quantity  you  would  cut  off:  measure  the  line  DGy 
which  suppose  to  be  70  perches.  Divide  3R.  20P. 
or  140P.  by  25,  the  ^  of  DG,  and  the  quotient  4 
wiJl  be  a  perpendicular  for  a  triangle  whose  base 
is  70,  and  tlie  area  140P.  Let  HI  be  drawn  pa- 
rallel to  DG,  at  the  distance  of  the  perpendicular 
4,  and  from  /,  where  it  cuts  the  boundary,  draw  a 
line  to  D,  and  that  line  DI,  will  be  the  division 
line  ;  or  a  line  from  G  to  H  will  have  the  same 
effect ;  all  which  must  be  evident  from  what  has 
been  already  said. 

But  if  hills,  trees  &c.  obstruct  the  view  of  the 
points  D  and  /  from  each  other,  it  will  be  neces- 
sary in  order  to  run  a  partition  line,  to  knov/  its 
bearing;  and  it  may  be  proper  on  some  occasions, 
to  have  its  length  ;  both  these  may  be  easily  cal- 
culated from  the  common  field-notes  only,  as  in 
the  following  example,  without  the  trouble  of  any 
other  measurement  on  the  ground,  or  any  depen- 
dance  on  the  map  and  scale. 


272 


Division  of  Lanff* 


Example  ii. 


J'L.  12./5-- 


Let  ABCBEFGHIA  be  a  tract  of  land,  to  be 
divided  into  two  equal  parts,  by  a  right  line  from 
the  corner /to  the  opposite  boundary  CjD;  requir- 
ed the  bearing  and  length  of  the  partition  line  IN, 
by  calculation,  from  the  following  field-notes,  viz. 


Field-Notes  and   Area.      | 

Boun. 

Bearing. 

Perch. 

AB 

N. 

19^.    O'E. 

1Q8. 

BC 

S. 

77.      0  E. 

91. 

CD 

s. 

27.       0  E. 

115. 

DE 

s. 

52.       OW. 

58. 

EF 

s. 

15.       30E. 

76. 

FG 

West. 

70.9 

GH 

N. 

36.       OW. 

47. 

HI 

North. 

64.3 

lA 

N. 

62.     15W. 

59. 

152 

A.           IR.      25.9P. 

Operation. 


lABCl 

P<-.r. 

N.    1    S. 

E. 

w 

I 

lA 

AB 
BC 
CI 

N.  62^iVV. 
N,  19       E. 
S.  77'     E. 

59 

188 

91 

27.5 
102.1 

20.5 
ino  1 

33. 2 
88.7 

52.2 

71  7 

W 

Ar( 

;a,8722.3per 

che'^{129.6  1129.6  |123.9  1123.9 

p 

152A.  IR.  25.9P.==: 2 1385.9  perch, 
half,  to  be  divided  off,=  121 92.9  \  .. 
the   part   lABCI    =   8722.3  ]  ^"^^• 

Triangle   ICNI      =  3470.6  perches. 
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iCDI. 

Per. 

115 

-N. 

s. 

E. 

"w.  ' 

a 

i: 

el- 
s' 

1 

JC      T^T                    ^ 

109.1 

102.5 
6.6 

71.7 
52.2 

CD 
DI 

S.  27.  E. 

123.9 

1  Area,  6522.1  per. 

109.1 

109.1 

122.9 

125.9 

Then,(    ICDI :  CD  .    ICNI :  CN 

as     \  6522.1  :  115  :  :  3470.6:  61.19 
which  determines  the  point  N  in  CD. 


)Th. 
)  Sec, 


18 
1 


ICNI. 

Per. 

61.2 

N. 

S. 

E. 

W. 

JC        «''  Kof«*.« 

109.1 

17.7 
27.8 

CN 

NI 

S.    27   E. 

54.6 

54.6 

99.5 

54.6 


As  dif.  lat. 

:  Radius 

:  :  Depart.        99.5 

:  Tang.  Bear.  6l°15' 


S.  90  deg. 


As  S.     Bear    6P15' 
:  Depart.  99.5 

::  Radius  S.     90  deg. 
:  Distance         113.49 


Answer, 


IN  runs  N. 
iV7runs  S. 


61«15 
61   15 


w.  i 


113.5  per 


In  the  part  lABCI,  the  difference  between  the 
northings  and  the  southings  of  the  three  lines,  lA, 
AB  and  EC  (109.1)  is  the  difference  of  latitude, 
and  that  of  their  eastings  and  westings  (71.7)  the 
departure  of  the  line  C/,  which  is  placed  thereto, 
so  as  to  balance  the  columns  ;  seetheo.  1.  sect.  5. 
hence  the  content  is  obtained,  as  already  taught, 
without  the  bearing  or  length  of  the  line  CL 

For  the  triangle  ICDI,  the  diff.  lat.  and  dep.  of 
IC  are  taken  from  the  preceding  table,  wliich  in 
going  from  I  to  C  w  ill  be  northing  and  easting  : 
those  oWD  are  found  by  the  bearing  and  distance, 
and  of  DI  hy  balancing;  the  columns,  a g  before 
for  CI 

JSn 
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The  difference  of  latitude  (54.6)  and  departure 
(99.5)  of  the  linB  Nl,  in  the  third  table,  are  found 
by  balancing  those  of  IC  and  CN;  and  as  they 
are  the  base  and  peipendicular  of  a  right  angled 
triangle,  of  which  the  line  NI  is  the  hypothenuse, 
and  the  angle  opposite  to  the  departure,  the  bear- 
ing, we  have  the  answer  by  two  trigonometrical 
statings,  as  above  ;  and  thus  may  any  tract  be  ac- 
curately divided,  or  any  proposed  quantity  readi- 
ly  cut  off  or  inclosed. 

Now  the  student  or  practitioner  may  calculate 
the  content  of  the  part  ABCNIA  (the  bearing 
and  distance,  or  the  diff.  iat.  and  dep.  of  CiVand 
of  AT  being  tnown)  and  if  it  be  found  equal  to 
the  intended  quantity,  it  proves  the  truth  of  the 
•peration. 


EXAIVIPLE  III> 


jPl.  \2.JiS' 


it  is  proposed  to  cutoff  38  A.  16Pi.  io  the  south 
end  of  this  tract,  by  a  line  running  from  E  due 
West  40  perches  to  a  well  at  O,  and  from  thence 
a  right  line  to  a  point  M  in  the  boundary  HI;  the 
place  of  31,  and  the  bearing  and  length  of  the  line 
OM  are  required ;  the  field-notes  being  as  in  ex- 
ample 3d. 


An^^wer    \  ^"^^^'^^^  ^^'  "?'*^^^'  ^^*^^  \  Derche^ 
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In  this  example  we  find. 

Perches. 

The  area  of  OEFGHO  =  5270.5 

Consequently  of  HOMH  =  826.0 
Dif.  lat.  of  the  line  HO=HV  =  35.2 
Departure  of  ditto         =QV  =      38.2 

As  iJ/ happens  to  be  a  meridian,  the  area  of 
HOMH  divided  by  half  OF (19.1)  quotes  HM 
(43.23)  without  finding  the  area  of  HOIH,  as  we 
did  of  ICni  in  example  2d.  and  HM—HV^ 
VM=  8.03  =  dif.  lat.  of  OJf,  which  with  its  dep. 
VO  =  38.2.  gives  the  bearing  and  distance  as  be- 
fore. 

Example  iv. 

Pl.  12./5-.4. 

A  trapezoidal  field  ABCDy  bounded  as  under 
specified,  is  to  be  divided  into  two  equal  parts  by 
a  right  line  jEFparallel  to  AB  or  CD  ;  required 
AFovBF? 


Bou.  I   Bearing.      Per. 


AB 
BC 
CD 
DA 


South. 
N.  80   W- 
N.   39i  W. 
S.    80      E. 


30, 
60. 
45.5 
89.4 


ISA.  3R.  7P, 


In  the  triangle  CBG  are  given  BC  and  all  the 
angles  (known  by  the  bearings)  to  find  BG,  and 
thence  the  area  by  prob.  9.  sect.  4.  which+half  the 
area  of  ^BC2> =area  of  EFG  ;  then  as  the  area 
of  CBG  to  that  of  EFG,  so  is  the  square  of  BG  to 
the  square  of  FG,  and  FG—BG^BR 
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Angle  G  39°  30',  log.  S.  Co.  Ar.  0.19649') 


Side  BC  60  per.  log. 
Angle  C  40^  30',  sine 

Side  ^G^  61 '.26  per. 
Side  BC  60  per. 
Angle  B  100*^  0',  sine 

2)3619.8,  log. 

As  CBG  =  1809.9  Co.  Ar. 

1103.5  =  BCEF 
To  EFG=  2913  A,  log. 

Sosqr.  jBG61.26,log. 


1.7781.0  Vadd 
9.81254  3 


1.78718-) 
1.7731.5  Vadd 
9.993353 


3.55868 


6.74235"! 

3.46440  Sadd 
1.78718  j 
1.78718J 

To  sqr.  FG  77.72  (2)3.781 1 1 

Ans.  BF  =  16.46  per.  1 .89055 

By  the  application  of  this  method  a  tract  of  land 
may  be  divided  accurately,  in  any  proportion,  by 
a  line  running  in  any  assigned  duection. 

Note,  When  the  practitioner  would  wish  to  be 
very  accurate,  it  will  be  much  better  to  work  by 
four-pole  chains  and  links  than  by  perches  and 
tenths  ;  one  tenth  of  a  perch  square  being  equal 
to  6i  square  links. 


^77  ) 

Example  v. 

The  following  Field-Notes  ffroin  A.  Burns)  are 
of  a  piece  of  land,  which  is  proposed,  as  an  exam- 
ple, to  be  divided  into  three  equal  parts  by  two  right- 
lines  running  from  the  sixth  a/nd  seventh  stations  ; 
and  proved,  by  calculcAing  the  content  of  the  middle 
part. 


le 


St. 

Bearing. 

4P.C. 

I 

N.E.      56H 

21.60 

2 

N.E.        26^ 

13.44 

3 

S.E.       7U 

18.96 

4 

S.E.        26^ 

13.44 

5 

SW.       74 

1896 

6 

S.E.         45 

8.47 

7 

S.E.         63i 

13.44 

8 

N.E.        45 

8.47 

9 

S.E.         26^ 

13.44 

10 

SW.       45 

1  8.47 

1 

11 

S.VV.        63| 

'13.44 

12 

N  W.       76  24.73 

13 

N.W.      36^30.00 

A.     R.     P.      I 

Area  167      1.     24.      | 
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Example  ti. 

The  plot  ABCDEFGHAk  proposed  to  be  di- 
vided, geometrically^  in  the  proportion  of  2  to  3, 
by  a  right  line  from  a  given  point  in  any  bounda- 
ry or  angle  thereof,  suppose  the  point  D. 

Reduce  the  plot  to  the  triangle  cDe^  as  already 
taught ;  divide  the  base  ce  in  the  point  iV,  so  that 
^JV  be  to  Nc  in  the  ratio  of  two  or  three,  by  prob. 
14.  page  53 ;  draw  DN^  and  it  is  done. 

Example  vit. 

Pl,  I2.jig,  3. 
Exatnide  ''2d  may  likewise  be  fierformed  geometrically. 

Produce  CD  both  ways  for  a  base,  and  reduce 
the  whole  to  a  triangle,  making /the  vertical  point; 
then  bisect  the  base  in  iV,  and  draw  IN,    But, 

Notwithstanding  this  geometrical  method  is  de- 
monstrably true  in  theory,  it  is  not  as  safe,  on 
practical  occasions  requiring  accuracy,  as  the  cal- 
culation, even  when  performed  with  the  greatest 
care  ;  for  which  reasoji  we  will  not  enlarge  on  it 
here. 

Example  viii. 

^ujifiose  864  acres  to  be  laid  out  inform  of  a  right-angled  jiarallei- 
ogram,  of  which  the  aides  shall  be  in  /irojiortion  as  S  to  3  ;  regutr- 
cd  their  dimensions  ? 

For  the  greater  side,  multiply  the  area  by  the 
greater  number  of  the  given  proportion,  and  divide 
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by  the  less,  or,  for  the  less  side,  multiply  by  the 
less  number,  and  divide  by  the  greater;  the  square 
root  of  the  quotient  will  be  the  side  required  : 
thus. 


864A,=138240P  1.38240 

5  3 


3)691200  5)414720 

Answ,  s/  230400=480.     V  82944=288. 


Example  ix. 

If  it  be  required  to  lay  out  any  quantity  of 
ground,  suppose  47 A.  2R.  IGP.inform  of  a  paral- 
lelogram, of  which  the  length  is  to  exceed  the 
breadth  by  a  given  difference,  for  instance  80 
perches,  then  add  the  square  of  half  this  difference 
to  the  area,  and  take  the  square-root  of  the  sum; 
to  which  add  half  the  difference  for  the  greater 
side,  and  subtract  it  therefrom  for  the  less  ;  thus. 


47A,  2R.  16P.=  7616  perches-, 
1600 


V  9216=96 

1600  half   difr    add  and  subt.— 40 

C  the  length  =  136 

Ans.  <  

f  the  breadth  =  5^ 
^  « 

Any  proposed  quantity  of  ground  may  be  laid 
aut  ©r  inclosed  in  the  form 
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Square  -  -  by  prob.  2d. 

n    \  Parallelogram,  1  side  giv.  by  pro.  4th. 
^  ^  "^  Triangle  of  a  given  base,  by  pro.  7th. 
Circle         -  -  by  prob.  13th. 


sec. 
4. 


It  is  sometimes  most  convenient,  when  land  is 
to  be  laid  out  adjacent  to  a  creek,  river,  or  other 
crooked  boundary,  to  measure  off-sets  to  the  an- 
gles or  bending  thereof,  from  a  right  line  or  lines 
taken  near  such  boundary,  and  to  deduct  the 
area  of  these  off-sets  from  the  given  quantity,  and 
then  to  lay  off  the  remainder  from  the  right-line 
or  lines,  in  the  desired  form. 

In  laying  out  new  lands,  attention  must  be  paid 
to  the  allowance  for  roads,  as  exemplified  in  prob. 
14th. 


Example  x. 

It  is  required  to  divide  off  30  acres,  to  the  south 
east  end  of  the  tract,  of  which  the  field-notes  are 
given  in  example  4th,  by  a  right-line  to  run  N.  20 
E.     See  example  4th, 
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OF  SURVEYINCt  HARBOURS,    SflOALS,   FANDS,    ki 

Pl.  13./.?.  I. 


T 


HERE  are  three  methods  whereby  this  may 
be  performed  ;  for  the  observations  may  be  made 
either  on  the  water  or  on  the  land.  Those  made 
on  the  water  are  of  two  kinds,  one  by  the  log-line 
and  compass  (as  in  plane  sailing  measuring)  the 
course  and  distance  round  the  sand  ;  and  then  to 
be  plotted  as  a  large  wood,  or  any  inclosure  taken 
by  the  circumferentoi*. 

This  method  I  omit  for  two  reasons ;  first,  be- 
cause it  is  to  be  deduced  from  the  writers  of  navi- 
gation :  and,  secondly,  because  the  distances  thus 
measured  are  liable  to  tlie  errors  of  currents^ 
which  generally  attend  shoals  or  sands  near  the 
shore. 


The  second  method,  where  there  are  no  dis- 
tances to  be  measured  on  the  water,  though  still 
there  is  one  inconvenience,  common  also  to  the 
former,  because  the  bearings  Or  observations  are 
to  be  taken  on  that  unstable  element  (an  error 
scarce  mentioned  by  practical  artists)  I  shall 
briefly  hint  at;  and  so  rather  choose  a  third,  which 
is*  liable  to  neifhf^v  of  these  imperfr-rt ion^. 

O  o 
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Let  a  boat  be  manned  out  with  a  signal  flag,  a 
log  and  line,  lead  and  line,  and  to  observe  the  bear 
ings  of  any  land  mark,  a  compass  with  sights. 

Take  two  or  more  objects  or  places,  as  A,  B,  C, 
on  the  shore,  from  whence  the  boat  may  be  seen 
on  the  several  parts  of  this  shoal,  and  determine 
their  relative  position  by  bearing  and  distances 
eitlier  before  or  after  the  other  necessary  obser- 
vations are  made. 

One  of  the  boat's  crew  is  to  sound  till  he  finds 
liiniself  on  the  edge  of  the  sand,  by  the  depth  of 
water,  and  then  to  come  to  an  anchor ;  which  he 
is  to  signify  to  two  persons  on  the  shore,  at  B  and 
C,  by  his  signal.  And  then  from  those  known 
land-marks,  B  and  C,  the  observers  are  to  take 
the  bearings  of  the  boat,  and  to  register  their  ob- 
servations ;  which,  when  done,  they  are  to  signify 
to  the  crew  by  waving  a  flag,  or  by  some  other 
signal. 

And  in  the  mean  time,  to  prevent  mistakes,  lei 
the  crew  take  the  bearings  of  each  of  these  land- 
marks :  then  weigh  anchor,  which  suppose  at  O. 

Then  by  sounding,  proceed  ioE,  and  make  like 
observations.  And  so  at  E,  F,  G,  kc,  till  you 
have  surrounded  your  sand. 

And  if  in  this  process,  you  are  about  to  lost- 
the  sight  of  one  of  your  land-marks,  suppose  C,  lei 
your  assistant  at  C\  or  B,  who  at  that  time  will 
also  be  about  to  lose  the  sight  of  th6boat,  by  sig- 
nals (before  agreed  on)  remove  to  some  other  ob- 
ject before-hand  agreed  on,  suppose,  to  H.  or  K< 
and  then  to  proceed  as  befpro. 
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Lastly,  if  the  sand  runs  so  far  out  at  sea,  that 
the  object  cannot  be  seen  by  the  boat,  nor  the 
boat  by  the  observer  on  shore ;  there  may  be 
rockets  tired  by  the  boat's  crew,  and  also  by  the 
observers  on  the  shore  in  the  night,  whereby  those 
bearings  may  be  taken  almost  at  as  great  a  dis- 
tance as  the  light  can  b6  seen.  For  supposing 
they  rise  but  a  quarter  of  a  mile  above  the  appa- 
rent horizon,  its  stay  will  be  about  9  seconds,  and 
its  distance  for  this  quarter  of  a  mile  will  be  visi- 
ble about  44  miles. 


But  rockets  rise  much  higher,  and  then  the  dis- 
tances are  much  greater,  whereby  they  are  visible. 

Or  two  boats  may  lay  at  anchor  instead  of  the 
land  marks,  and  then  you  may  work  as  before. 


Now,  since  the  land-marks  B  and  C  are  fixed, 
their  position  may  be  laid  down  in  the  draught,  as 
in  common  surveying,  by  plotting  the  distance  be- 
tween B  and  C.  And  then  by  plotting  the  line 
BD,  and  the  line  X>C,  according  to  their  position, 
dieir  common  intersection  will  give  the  point  D. 
And  in  like  manner  E,  F,  G,  &c.  may  be  plot- 
ted ;  and  so  the  shoals  completed.  And  this  fi'om 
the  bearings  taken  at  B  and  C, 


If  this  be  a  standing  lake,  environed  by  bogs, 
or  other  impediments,  the  observations  at  D,  E, 
Fy  &c.  by  taking  their  opposites,  may  suffice  to 
plot  the  same  from  the  land-mark.  A,  B,  C,  &c. 
as  well  as  those  taken  on  the  land  :  or,  indeed,  by 
the  course  and  distance,  as  in  navigation,  if  the 
water  be  smooth  and  without  a  currents 
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In  sea  ehoals,  it  is  convenient  to  note  at  each  ob- 
nervation  the  depth  of  the  water  found  by  the  lead, 
and  the  drift  and  setting  of  the  current  by  the  log 
and  compass,  Tvhile  the  boat  is  at  anchor,  which 
may  be  done  wdth  ease  and  expedition  enough. 
For  w  hile  the  boat  rides  at  an  anchor,  her  stern 
points  out  the  setting  of  the  current,  and  the  log 
and  glass  will  measure  its  drift. 

And  these  ought  to  be  noted  on  the  draughty 
which  may  be  thus  : 

The  currents  may  be  shewn,  by  drawing  a  dart 
pointing  out  its  setting,  and  its  drift  by  the  Roman 
capital  letters,  the  depth  of  the  water  by  the  small 
figures,  aijd  rocks  by  little  crosses,  kc. 


SECTION  IX, 
LEVELLING. 

JLiEVELLING  is  the  art  of  ascertaining  the 
perpendicular  ascent  or  descent  of  one  place  (or 
more)  above  or  below  the  horizontal  level  of  ano- 
ther, for  various  intentions ;  and  of  marking  out 
courses  for  conveyance  of  water,  &c. 

The  true  level  is  a  purve  conforming  to  the  sur 
face  of  the  earth  ;  as  ABG. 

The  apparent  level  is  a  tansfent  to  that  curve  * 
asADK 
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The  correction,  or  allowance  for  the  earth's  cur- 
vature, is  the  difference  between  the  apparent 
level  and  the  true,  as  BD.  The  quantity  of  this 
correction  may  be  known  by  having,  in  the  right- 
angled  triangle  CAB,  the  two  legs,  ^C=the  se- 
midiameter  of  the  earth  (=1267500  perches)  and 
AD=i\ie  distance  of  the  object,  to  find  the  hypo- 
thenuse  CD,  from  which  taking  CB  :  (==^CA)  the 
remainder  w  ill  be  the  correction  BD  ;  but  it  may 
be  obtained  more  practically  thus ,; 

Square  the  distance  in 

i  four-pole  chains,  and  divide  by  800, 1 

<  or  in  perches,  and  divide  by  12800,  ^ 

I  or  in  miles,  and  multiply  by         8,  S 

for  the  correction  in  inches. 

Example. 

Required  the  correction  for  20  four-pole  chains 
=^80  perches=i  mile. 

800)20  X  20= 400(.5 
12800)80X80=6400(.5 
i=  .25,  and  .25  X  25  X  8=  .5 
that  is,. 5,  or  i inch:,  the  correction  required. 

But,  to  save  the  trouble  of  calculation,  we  in- 
sert the  followins:  table  of  corrections. 


2B6 
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A  Table  of  Corrections. 
The  distances  in  four-pole  chainb. 


Distan. 

Correc. 

Distjn. 

Corrt'. 

Chains. 

Inches. 

Chains. 

inches 

I 

',©012 

27 

0,91 

2 

J,005 

28 

0,98 

3 

J,01125 

29 

1,05 

4 

0,02 

30 

i,ie 

5 

0,03 

3J 

M9 

6 

0,04 

32 

1.27 

7 

i,05 

33 

1,35 

8 

,08 

34 

1,44 

9 

0  10 

35 

1,53 

10 

0,12 

36 

1,62 

1  1 

>,15 

37 

,71 

12 

0,18 

38 

1,80 

IS 

0,21 

39 

1,91 

14 

0,24 

40 

2,00 

15 

.28 

45 

2,28 

16 

o,32 

50 

3,12 

17 

0,36 

55 

3,78 

18 

0,40 

60 

4,50 

19 

0,45 

65 

5,51 

20 

0,50 

70 

6,12 

21 

0,55 

75 

7,03 

22 

0,60 

80 

8,00 

23 

0,67 

85 

9,03 

24 

0,72 

90 

10,12 

25 

0,78 

95 

11,28 

26 

0,84 

100 

12,50 

The  first  thing  necessary  in  levelling,  is  the  ad- 
]Ustingof  the  level,  which  may  be  performed  seve- 
ral ways ;  The  following  is  very  easy  and  practical. 

Choose  some  ground  which  is  not  above  4  or  5 
feet  out  of  the  level,  for  the  distance  of  8  or  10 
chains  length,  and  suppose  it  be  AB  (fig.  3.)  and 
find  the  middle  between  A  and  B,  which  suppose 
to  beC;  plant  the  instrument  at  C:  direct  the 
lube  to  a  station-staff,  held  up  at  A,  and  elevate  or 
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depress  the  tube,  till  the  bubble  is  exactly  in  the 
middle  of  the  divisions ;  then  by  signals  direct 
your  assistant  at  A,  to  rise  or  depress  the  vane, 
sliding  on  the  station  staff,  till  the  horizontal  hair 
in  the  glass  cuts  the  middle  of  that  vane  :  then 
see  how  many  feet,  inches,  and  parts,  are  cut  by 
the  upper  pail  of  the  vane,  which  suppose  to  be  d 
feet  4  inches  and  6  tenths. 

In  like  manner  direct  to  the  other  staff  at  B^ 
and  suppose  the  upper  edge  of  that  vane  to  cut  at 
the  height  of  6  feet,  5  inches  and  two  tenths,  then 
will  these  two  vanes  be  on  a  level. 

From  6  feet  5.2  inches  subtracts  feet  4.6  inches, 
and  reserve-the  remainder  3  feet  0.6  inches. 

Now,  remove  the  instrument  as  close  to  the 
higher  station-staff  as  you  can ;  so  that  the  middle 
of  the  telescope  may  almost  touch  it.  Then  bring 
the  telescope  as  near  to  a  level  as  the  judgment 
af  the  eye  will  direct. 

Measure  from  the  ground,  the  height  of  the  top 
of  the  telescope  ;  and  also  of  the  bottom,  in  feet, 
inches,  and  parts;  suppose  them  to  be  4  feet,  10.5 
inches,  ^nd  5  feet  0. 3  inches ;  then  half  the  sum 
of  the  heights  4  feet  1 1 .4  inches  is  the  height  of 
the  centre  of  the  glass  ;  and  to  this  add  half  the 
breadth  of  the  vane,  which  suppose  to  be  1  inch 
and  5  tenths,  and  to  the  sum  5  feet  0.9  inches,  add 
the  preceding  remainder  3  feet  0,6  inches ;  then 
let  the  person  at  B  move  his  vane,  till  the  upper 
edge  cut  8  feet  1.5  inches,  the  gum  of  the  preced- 
mtr  numbers. 
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Now,  so  elevate  or  depiess  the  hair  or  the  bub- 
ble, till  the  hair  cut  the  middle  of  the  vane  at  B, 
and  at  the  same  time  the  bubble  stands  at  the  mid- 
dle of  the  divisions  ;  and  then  will  the  instrument 
be  duly  adjusted. 

If  you  have  a  mind  to  be  more  accurate,  repeat 
the  operation ;  but  when  you  place  the  instrument 
at  C,  turn  the  tube  at  right  angles  to  the  line  AB, 
and  there  set  it  level ;  then  proceed  with  a  repe- 
tition of  the  work.  Only  observe  to  cross-level  it 
in  this  adjustment,  and  in  all  future  uses  what- 
soever. 

Or  the  level  may  be  adjusted  thus  :  As  before, 
first  plant  the  instrument  in  the  middle  between 
A  and  B  (fig.  4.)  and  observe  the  heights  on  the 
btation-staves,  which  suppose  to  be  as  above  ;  and 
consequently  their  difference,  as  before,  is  3  feet 
0.6  inches.  Now  measure  from  C  towards  the 
highest  ground  A,  some  distance  that  comes  al- 
most to  A  ;  suppose  4  chains  to  i>,  and  DB  will 
be  9  chains^  and  DA  one  chahi :  Then  plant  the 
instrument  at  D,  direct  the  telescope  to  Ay  and 
setting  the  bubble  to  the  middle  of  the  division, 
duect  your  assistant  to  move  the  vane,  till  the 
hair  cuts  the  middle  of  it ;  and  note  down  the  feet, 
inches,  and  parts  cut  by  the  upper  edge  of  ih^ 
vane  ;  which  suppose  to  be  3  feet  8.4  inches:  To 
this  add  the  difference  3  feet  0.6  inches,  and  the 
sum  6  feet  9  inches  reserve. 

Now  direct  the  telescope  to  the  staff  at  By  level 
it,  and  direct  your  assistant  to  move  the  vane,  till 
the  hair  cuts  the  middle  thereof ;  and  then,  if  the 
upper  edge  of  the  vane  cuts  the  foregoing  sum  G 
feetO  inciie.S;  the  hair  and  bubble  are  truly  adjust- 
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ed.  But  if  not,  say.  As  BD  less  AD,  is  to  the 
difference  between  the  numbers  cut  by  the  upper 
edge  of  the  vane,  and  the  number  6  feet  9  inches ; 
so  is  the  distance  AD  to  a  number,  which  added 
to  that  cut  by  the  vane,  when  less  than  6  feet  9^ 
and  subtracted  from  the  number  cut  by  the  vane^^ 
when  it  is  greater  than  6  feet  9,  will  give  a  num- 
ber to  which  let  the  assistant  fix  the  vane  ;  then  so 
elevate  or  depress  the  hair  or  the  bubble,  till  the 
hair  cuts  the  middle  of  the  vane  at  By  and  the  bub- 
ble stands  in  the  middle  of  the  divisions ;  for  then, 
the  level  will  be  adjusted.  The  operation  may 
be  again  repeated,  and  at  every  station  cross  le- 
velled, which  will  confirm  the  former  adjustment. 

Or  it  w411  be  still  better  to  set  the  station  staves 
equally  distant  from  the  instrument  (suppose  about 
16  or  20  perches  each)  at  an  angle  of  about  60%  or 
so  as  to  form  nearly  an  equilateral  triangle  there- 
with, and  level  the  2  vanes  (A  and  B  fig.  5.)  as  be- 
fore, whicii  will  be  then  both  in  the  same  horizon- 
tal level,  whether  the  instrument  be  right  adjusted 
or  not,  because  one  will  be  as  much  above  or  be- 
low  the  true  level  of  the  instrument,  as  the  other, 
being  in  the  same  distance  from  it ;  then  remove 
the  instrument  as  near  as  may  be  to  one  of  them, 
suppose  A,  and  raise  or  lower  the  vane  A  to  the 
exact  level  of  the  visual  ray  in  the  instrument,  no- 
ting precisely  how  much  it  is  moved,  and  have  the 
other  vane  B  move  just  as  much,  in  order  to  bring 
them  again  to  a  level,  allowing  for  the  correction 
of  the  apparent  level  if  it  be  a  sensible  quantity  ; 
then  adjust  the  instrument  to  the  level  of  the- vane 
at  JB?. 

To  adjust  the  rafter  level  (plate  13.  fig.  6,)  which 
may  be  10,  12,  or  14  feet  in  the  span  AB ;  set  it 
en  a  plank  or  hard  ground  nearlv  ]e\e],  and  mark 
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where  the  plumb  line  cuts  the  beam  fiin,  suppose 
at  c,  then  invert  the  position  by  setting  the  foot  A 
in  the  place  of  B,  and  B  in  that  of  A,  marking 
where  the  line  now  cuts,  as  at  e  ;  the  middle  point 
]>etween  *c  and  e  will  be  the  true  levelling  mark. 

To  continue  a  level  course  with  this  instru- 
ment, set  the  foot  A  to  the  starting  place,  and 
move  B  upward  or  downward  toward  D  or  E,  till 
the  })oint  jB  be  determined  and  marked  for  a  level 
with  A,  then  carry  the  instrument  forward  in  the 
direction  of  C  till  the  foot  A  rests  at  B,  whence 
the  point  C  is  levelled  as  before,  &c.  Sights  may 
be  placed  at  r  and  5,  and  the  instrument  adjusted 
to  them,  as  before,  by  reversing  them  in  the  di- 
rection of  some  distant  object. 

After  the  instrument  is  duly  adjusted,  you  may 
proceed  to  use  it.  Let  the  example  be  this  an- 
nexed (fig.  7.)  where  A  every  where  represents 
the  level,  and  B  the  station  staves ;  and  suppose 
the  route  be  made  from  aio  e  ;  first  plant  the  in- 
strument between  the  staves  a  and  h  :  at  ^  duect 
the  level  to  aB,  bring  the  bubble  to  the  middle  of 
the  divisions,  and  instruct  your  assistant  so  to  place 
the  vane,  that  the  hair  in  the  telescope  cuts  the 
middle  of  the  vane,  then  in  a  book  divide  into  two 
columns,  the  one  entitled  Back  sights,  the  other 
Fore  sights,  enter  the  feet,  inches,  and  parts  cut  by 
the  upper  edge  of  the  vane  at  «jS,  in  the  column 
entitled  Back  sights. 

Then  look  toward  the  other  staffs  B,  bring  the 
bubble  to  the  middle  of  the  divisions,  and  direct 
your  assistant  to  place  the  vane  so,  that  the  haii 
cuts  the  middle  of  the  vane  ;  then  enter  the  feet, 
inches,  and  parts  cut  by  the  upper  edge  of  the 
vane,  in  the  column  of  F^re  sights. 
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JNow,  plant  the  instrument  at  A\  still  keeping 
the  staff  ^^  exactly  in  the  same  place,  and  carry 
the  staff  aB  forwards  to  the  place  cB  ;  now  look 
back  to  the  staff  bB,  and  enter  the  numbers  cut  by 
the  vane  there  under  the  title  Back  sights  ;  then 
look  forwards  to  cB,  and  enter  the  observation 
under  the  title  Fore  sights.  Do  the  like  when  tlie 
instrument  is  planted  at  A^y  A\  &c.  always  taking 
care  to  keep  the  staff  in  the  same  place  when  you 
looked  at  it  for  a  Fore  sight,  till  you  have  also 
taken  with  it  a  Back  sight. 

Having  finished  your  level,  add  up  the  column 
^f  Back  sights  into  one  sum,  and  the  column  of 
Fore  sights  also  into  one  sum ;  and  the  difference 
between  these  sums  is  the  ascent  or  descent  re- 
quired. And  if  the  sum  of  the  Fore  sights  be 
greater  than  the  sum  of  the  Back  sights y  then  e  is 
lower  than  a ;  but  if  the  sum  of  the  Fore  sights 
be  less  than  the  sum  of  the  Back  sights,  e  is  higher 
than  a.  For  example,  let  the  numbers  be  as  in  the 
following  table. 


Back  sights. 

1 

Fore  sights 

. 

Feet.      Inch.       Tenths. 

Feet. 

Inch 

Tenths. 

3.7, 

5 

6 

4 

5 

4.6, 

8 

8 

3 

2 

6.0, 

2 

5 

4 

7 

9.5, 

0 

8 

7 

8 

1.0, 

7 

9 

4 

8 

34        .        8     , 

2 

38 

.        1 

0 

24 

8 

2 

13 

4 

8       * 

Hence  the  descent 

h 

13 

4 

8 
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Observations. 

1.  And  if  the  distances  thus  taken  are  short,  the 
curvature  of  the  earth  may  be  rejected.  For,  if 
the  distance  from  the  instrument  be  every  where 
about  100  yards,  all  the  curvatures  in  a  mile's 
woi'k  will  be  less  than  half  an  inch. 

2.  If  the  distance  from  the  instrument  to  the 
hindermost  staff,  be  every  where  equal  to  the 
distance  from  the  instrument  to  the  corresponding 
staff;  the  curvature  of  the  earth,  and  the  minute 
errors  of  the  instrument,  will  both  be  destroyed. 
Hence  it  will  be  much  best  to  set  the  instrument 
as  equally  distant  from  both  staves  as  may  be. 

3.  If  the  distances  of  the  instrument  from  the 
staves,  be  very  unequal  and  very  long,  the  cur- 
vatures must  be  accounted  for,  and  the  distances 
in  order  thereto,  must  be  measured. 

4.  Therefore  it  appears,  that  the  best  method  to 
take  a  level  is  to  measure  the  several  distances 
from  the  instrument  to  the  back  and  forward  sta- 
tion staves  ;  and  enter  them  in  the  field-book,  ac- 
cording to  the  titles  of  their  several  columns,  as 
in  the  following  example ;  and  correct  the  heights 
from  the  table  of  allowances,  which  may  be  done 
at  home  when  you  are  about  to  sum  up  the 
tieights. 
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Bacl?  wards. 

Forwards. 

ilistan.  Hi^i^iu  Correct,  a. 

Distun. 

tieij^Mt 

Couccied. 

Links. 

Inches. 

Inches. 

Links. 

Inches. 

Inches. 

270 

3,25 

3,24 

418 

4,36 

4,34 

420 

6,10 

608 

328 

7,18 

7,17 

760 

5,38 

5,31 

289 

6,75 

6,67 

384 

7,25 

7,21 

530 

9,53 

9,50 

S'26 

8,15 

8,14 

485 

11,25 

1K22 

658 

10,^25 

10,20 

376 

8,65 

8,63 

530 

6,32 

6,^9 

720 

10.34 

10.28 

3658 

.  46,47 

31,46 

57,81 

3146 

46.47 

^,04 

11,34 

So  that  the  fall  in  68  chains  is  about  1 1  inches 
and  3  of  an  inch. 

Lastly,  Though  hitherto  we  have  considered  the 
level  with  one  telescope  only,  the  same  observa- 
tions may  be  applied  to  a  level  with  a  double  te- 
lescope ;  and  I  would  advise  those  who  use  the 
double  telescope,  at  every  station  to  turn  that  end 
of  the  telescope  forwarcl,  which  before  was  the 
contrary  way. 


Jt  more  general  method  of  levelling,  adapted  to  the  ivrvcying  ^' 
roads  and  hilly  grovnd^  U  exhibited  in  the  fotlomng  example^  in 
ivhieh  the  measures  are  given  in  links. 


Examples. 


Required  the  bearing  and  distance  of  the  place 
B  from  Ay  and  its  perpendicular  ascent  or  descent, 
dbove  or  below  the  horizontal  level  of  /f. 
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c/; 

(!^ourse  oi 

Elev.  or 

Obi. 

iHor.   Perpen. 

T>iL  V't'r 

S3 

Bearing 

Depres. 

Dist. 

Dist. 

Ascent 
or  desc. 

Lat.  'part. 

1 

NEr9°i5 

D  17^15' 

738 

705 

218.9 

131     692 

2 

NErs  oc 

D  21  45 

684, 

635 

253.4 

164     613 

3 

NE50  30 

E  14  00 

976 

947 

236.1 

602-730 

4 

SE85    15 

D  II  30 

930 

911 

185.4 

75     90$ 

5 

SET®  0(; 

E  19   15 

620 
3948 

585 

204.0 

200 

549 

3783 

217.6 

622 

3492 

Desc. 

N 

E. 

As  Dif.  Lat.  622 
Is  to  radius  S.  20% 

So  is  Dep.  3492 
To  T.  Bear.  79^54'. 


As  S.  Bear.  79M5' 
Is  to  Dep.  3492, 

So  is  radius  S.  90** 
To  Dist  3547. 


As  100  links  :  66  feet  :  :  217.6  links 
feet,  the  descent  B  below  the  level  of  A* 


143.6 


Hence,  B  bears  N.  79**  54'  E.  from  A'^ 
Nearest  horiz.  dist.  3547  liqks.  j 
Sum  of  obi.  dist.  3948  links.  ^  answer. 
Sum  of  horiz.  dist.  3783  links.  I 
Perp.  desc.  217.6L.  =  143.6.F.J 

With  the  angular  elevation  or  depression  in  the 
third  column,  and  the  oblique  distance  in  the  fourth 
(as  course  and  distance)  are  found  the  horizontal 
distance  in  the  fifth,  and  the  perpendicular  ascent 
or  descent  on  the  sixth,  for  each  station  (as  differ- 
ence of  latitude  and  departure  :)  then^  with  the 
bearing  and  horizontal  distance  w^e  get  the  dif- 
ference of  latitude  and  departure  in  the  two  last 
columns. 

The  ascents  and  descents  in  the  sixth  column 
are  distin£;uished  by  the  letters  E  and  D  in  the 
third,  signifying  elevation  or  depression  ;  and  be- 
ing added  separately,  the  difference  of  their  sum?^ 
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is  set  at  the  bottom  of  the  column  with  the  name 
of  the  greater,  and  shews  the  perpendicular  de- 
scent of  jB  below  the  horizontal  level  of  A. 

In  like  manner  the  northings  and  southings  in 
the  seventh  column  are  distinguished  by  the  let-- 
t€rs  N  and  S  in  the  second,  kc. 


PROMISCUOUS  QUESTIONS. 


The  perambulator,  or  surveying  wheel,  is  so 
contrived  as  to  turn  just  twice  in  the  length  of  a 
pole  or  16^  feet ;  what  then  is  the  diameter? 

Answ.  2.626  feet. 

2.  Two  sides  of  a  triangle  are  respectively  20 
and  40  perches  ;  required  the  third,  so  that  the 
content  may  be  just  an  acre  1 

Answ.  either  23.099  or  58.876  percheg. 


3.  I  want  the  length  of  a  line  by  which  my 
gardener  may  strike  out  a  round  orangery  that 
shall  contain  just  half  an  acre  of  ground. 

Answ.  27^^  yanhi 


4.  What  proportion  does  the  arpent  of  France, 
which  contains  100  square  poles  of  18  feet  each, 
bear  to  the  American  acre,  containing  J  60  square 
poles  of  16.5  feet  each,  considering  that  the 
length  of  the  French  foot  is  to  the  American  m 

Answ.  as  512  to  605 
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^  5.  The  ellipse  in  Grosvener  square  measures. 
840  links  the  longest  way,  and  612  the  shortest,; 
within  the  rails :  now  the  wall  being  14  inches 
thick,  it  is^  required  to  find  what  quantity  of 
ground  it  incloses,  and  how  much  it  stands  upon. 
Answ.  it  incloses  4A.  6P.  and  stands  on  17606 
square  feet. 

6.  Required  the  dimensions  of  an  elliptical  acre 
with  tlie  greatest  and  least  diameters  in  the  propor- 
tion of  3  to  2  ? 

Answ.  17.479  by  11.653  perches. 

7.  The  paving  of  a  triangular  court  at  1 8c?.  pei 
foot,  came  to  100/.  The  longest  of  the  three  sides 
was  88  feet :  what  then  was  the  sum  of  the  othei 
two  equal  sides  ^ 

Answ.  106.85  feet 

8.  In  110  acres  of  statute  measure,  in  which  the 
pole  is  I6i  feet,  how  many  Cheshire  acres,  where 
the  cust^jmary  pole  is  6  yards,  and  how  many  of 
Ireland,  where  the  pole  in  use  is  7  yards  ? 

Answ.  92  A.  IR.  28P.  Cheshire  ;  67P.  3R.  25P. 
Irish. 

9.  The  three  sides  of  a  triangle  containing  6A. 
IR.  12P.  are  in  the  ratio  of  the  three  numbers,  9, 
8,  6,  respectively  ;  required  the  sides  ? 

Answ.  59.029,  52.47,  and  39.353. 

10.  In  a  pentangular  field,  beginning  with  the 
south  side,  and  measuring  round  towards  the  east, 
the  first  or  south  side  is  2735  links,  the  second 
31 15,  the  third  2370,  the  fourth  2925,  and  the  fifth 
2220 ;  also  the  diagonal  from  the  first  angle  to  the 
third  is  3800  links,  and  that  from  the  third  to  the 
fifth  4010  :  required  the  area  of  the  field  ? 

^'JVnswi  1I7A.  2R,  28P. 
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11.  Required  the  dimensions  of  an  oblong  gajs 
den  containing  three  acres,  and  bounded  by  104 
perches  of  pale  fence  ? 

Answ.  40  perches  by  12o 

12.  How  many  acres  are  contained  in  a  square 
itneadQW,  the  diagonal  of  which  is  20  perches  more 
than  either  of  itfe  sides  ? 

Answ.  4A.  2R.  IIP. 

13.  If  a  man  six  feet  high  travel  routid  the  earth, 
how  much  greater  will  be  the  circumference  deis- 
cribed  by  the  top  of  his  head  than  by  his  feet  ? 

Answ.  37.69  feet 
N.  B.  The  required  difference  is  equal  to  the 
circumference  of  a  circle  6  feet  radius,  let  thi^ 
fiiagnitude  of  the  earth  be  what  it  may. 

14.  Required  the  dimensions  of  a  parallelogranri 
containing  200  acres,  wliich  is  40  perches  longer 
than  wide  ? 

Answ.  200  perches  by  160. 

15.  What  difference  is  there  between  a  lot  2B 
perches  long  by  20  broad,  and  two  others,  each  of 
naif  the  dimensions ' 

Amw.  lA.^B- 
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Containing  the  Astronomical  methods  ofjinding  the  Latitude^  Vari- 
ation of  the  com/iass,  iJ'c,  vUh  a  description  of  the  instrument f 
used  in  these  ofieraCions. 


SECTION  I. 

IMTRODnCTORT   PRIKCIPLE!^. 


D 


AY  and  night  arise  from  the  cu'cumrotation 
of  the  Earth.  That  imaginary  line  about  ^vhich 
the  rotation  is  performed,  is  called  the  Axis,  and 
its  extremeties  are  called  Poles.  That  towards 
the  most  remote  parts  of  Europe  is  called  the 
North  Pole,  and  its  opposite  the  South  Pole.  The 
Earth's  Axis  being  produced  will  point  out  the 
Celestial  Poles. 

The  Equator  is  a  great  circle  on  the  Earth, 
every  point  of  which  is  equally  distant  from  the 
Poles  ;  it  divides  the  Earth  into  two  equal  part^; 
called  Hemispheres  :  that  having  the  North  Pole 
in  its  centre  is  called  the  Northern  Hemisphere-^. 
and  the  other,  the  Southern  Hemisphere^  The^ 
plane  of  this  circle  being  produced  to  the  fixed 
stars,  will  point  out  the  celestial  Equator  or  Equi-^ 
noctial.  The  Equator,  as  well  as  all  other  great 
circles  of  the  sphere,  is  divided  into  360  equal 
parts,  called  degrees  ;  each  degree  is  divided  into 
60  equal  parts,  called  minutes  ;  and  th^  scxageHL" 
3-nal  division  is  eontinued. 
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Note.  The  ancients  having  no  instruments  by 
which  they  could  make  observations  with  any  to- 
lerable degree  of  accuracy,  supposed  the  length  of 
the  year,  or  annual  motion  of  the  earth,  to  be  com- 
pleted in  360  days  :  and  hence  arose  the  division 
of  the  circumference  of  a  circle  into  the  same  num- 
ber of  equal  parts,  which  they  called  degrees. 

The  Meridian  of  any  place,  is  a  semi-circle  pas- 
sing through  that  place,  and  terminating  at  the 
Poles  of  the  Equator.  The  other  half  of  this  cir- 
cIq  is  called  the  opposite  Meridian. 

The  Latitude  of  any  place,  is  that  portion  of 
the  Meridian  of  that  place,  which  is  contained  be- 
tween the  Equator  and  the  given  place  ;  and  is  ei- 
ther North  or  South,  according  as  the  given  place 
is  in  Noilhern  or  Southern  Hemisphere,  and  there- 
fore cannot  exceed  90^ 

The  Parallel  of  Latitude  of  any  place,  is  a  cir- 
cle passing  through  that  place,  parallel  to  the 
Equator. 

The  Difference  of  Latitude  between  any  two 
places,  is  an  arch  of  a  meridian  intercepted  be- 
tween the  corresponding  parallels  of  latitude  of 
those  places.  Hence,  if  the  places  lie  between 
the  Equator  and  the  same  Pole,  theii*  difference 
of  latitude  is  found  by  subtracting  the  less  lati- 
tude from  the  greater  :  but  if  they  are  on  oppo- 
site sides  of  the  Equator,  the  difference  of  lati- 
tude is  equal  to  the  sum  of  the  latitudes  of  both 
places. 

'  The  First  Meridian  is  an  imaginary  semicircle, 
passing  through  any  remarkable  place,  and  is 
therefore  arbitrary.    Thus,  the  British  esteem  that 
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io  be  the  First  Meridian  which  passes  through  the 
Royal  Observatory  at  Greenwich ;  and  the  French 
reckon  for  their  First  Meridian,  that  which  passes 
through  the  Royal  Observatory  at  Paris. — Foi^ 
merly  many  French  geographers  reckoned  the 
meridian  of  the  island  of  Ferro  to  be  their  First 
Meridian  ;  and  others,  that  which  w  as  exactly  20 
degrees  to  the  west  of  the  Paris  Observatory.  The 
Germans,  again,  considered  the  meridian  of  the 
iPeak  of  Teneriffe  to  be  the  First  Meridian.  By 
this  mode  of  reckoning,  Europe,  Asia,  and  Africa, 
are  in  east  longitude ;  and  Worth  and  South  A- 
merica,  in  west  longitude.  At  present,  the  first 
meridian  of  any  country  is  generally  esteemed  to 
be  that  which  passes  through  the  principal  Obser^ 
vatory,  or  chief  city  of  that  country. 

The  Longitude  of  any  place  is  that  portion  of 
the  Equator  which  is  contained  between  the  first 
meridian,  and  the  meridian  of  that  place  :  and  is 
usually  reckoned  either  east  or  west,  according  as 
the  given  place  is  on  the  east  or  w^est  side  of  the 
first  meridian ;  and,  therefore,  cannot  exceed  180\ 

The  Difference  of  Longitude  between  any  two 
places  is  the  intercepted  arch  of  the  Equator  be- 
tween the  meridians  of  those  places,  and  cannot 
exceed  180°. 


There  are  three  different  Horizons,  the  appa- 
rent,  the  sensible^  and  the  true.  The  apparent  or 
visible  Horizon  is  the  utmost  apparent  view  of  tlie 
sea  or  land.  The  sensible  is  a  plane  passing  through 
the  eye  of  an  observer,  perpendicular  to  a  plumb 
line  hanging  freely;  And  the  true  or  rational  Ho- 
rizon is  a  plane  passing  through  the  centre  of  the 
Jlarth,  parallel  ^o  the  sensible  Horizon* 
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Altitudes  obserred  at  sea,  are  measured  frohi 
the  visible  Horizon.  At  land>  when  an  astronom- 
ical quadrant  is  used,  or  when  observations  are 
taken  with  a  Hadley's  quadrant  by  the  method  of 
reflection,  the  altitude  is  measured  from  the  sen- 
sible Horizon ;  and  in  either  case,  the  altitude 
must  be  reduced  to  the  true  Horizon. 

The  Zenith  of  any  given  place  is  the  point  im- 
mediately above  that  place,  and  is,  therefore,  the 
elevated  pole  of  the  Horizon  :  The  Nadir  is  the 
other  pole,  or  point  diametrically  opposite. 

A  Vertical  is  a  great  circle  passing  through  the 
Zenith  and  Nadir;  and,  therefore,  intersecting 
the  Horizon  at  right  angles. 

The  Altitude  of  any  celestial  body  in  that  por- 
tion of  a  Vertical,  which  is  contained  between  its 
centre  and  the  true  Horizon.  The  Meridian  Alti- 
tude is  the  distance  of  the  object  from  the  true  Hori- 
2:on,  when  on  the  Meridian  of  the  place  of  obser- 
vation. When  the  observed  Altitude  is  correct- 
ed for  the  depression  of  the  Horizon,  and  the  er- 
rors arising  from  the  instrument,  it  is  called  the 
apparent  Altitude  ;  and  when  reduced  to  the  true 
Horizon,  by  applying  the  parallax  in  Altitude,  it 
is  called  the  true  Altitude,  Altitudes  are  express- 
ed in  degrees,  and  parts  of  a  degree. 

The  Zenith  Distance  of  any  object  is  its  dis- 
tance from  the  Zenith,  or  the  complement  of  its 
Altitude. 

The  Declination  of  any  object  is  that  portion  of 
its  meridian  which  is  contained  between  the  equi- 
noctial and  the  centre  of  the  object;  and  is  either 
north  or  south,  according  as  the  star  is  betWeeB 
the  equrnoctial  and  tho  north  or  soikth  pole. 
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The  Ecliptic  is  that  great  circle,  in  which  the 
annual  revolution  of  the  Earth  round  the  Sun  is 
performed.  It  is  so  named,  because  Eclipses  can- 
jiot  happen  but  when  the  moon  is  in  or  near  that 
circle.  The  inclination  of  the  Ecliptic  and  Equi- 
noctial is  at  present  about  23"  28' ;  and  by  com-- 
paring  ancient  with  modern  observations,  the  ob- 
liquity of  the  Ecliptic  is  found  to  be  diminishing 
— which  diminution,  in  the  present  century,  is 
about  half  a  second  yearly. 

The  Ecliptic,  like  all  other  great  circles  of  the 
sphere,  is  divided  into  360** ;  and  is  further  divided 
into  twelve  equal  parts,  called  Signs  :  each  Sign, 
therefore,  contains  30*.  The  names  and  charac- 
ters of  these  Signs  are  as  follows  : 

Aries,  T  Cancer,  ^  Libra,  =^  Capricornus,  >f 
Taurus,  tt  Leo,  S  Seorpio,  n  Aquarius,  ^ 
Gemini,  n  Virgo,   'tli Sagittarius,  4^  Pisces,  5£ 

Since  the  Ecliptic  and  Equinoctial  are  great 
circles,  they,  therefore,  bisect  each  other  in  two 
points,  which  are  called  the  Equinoctial  Points. 
The  Sun  is  in  one  of  these  points  in  March,  and 
in  the  other  in  September ;  hence,  the  first  is  call- 
ed the  Vernal,  and  the  other  the  Autumnal  Equi- 
nox— and  that  sign  which  begins  at  the  Vernal 
Equinox  is  cdiWed^Aries.  Those  points  of  the 
Ecliptic,  which  are  equidistant  from  the  equinoc- 
tial points,  are  called  the  Solstitial  Points  ;  the 
first  the  summer,  and  the  second  the  winter  solstice. 
That  great  circle  which  passes  through  the  equi- 
noctial points  and  the  poles  of  the  earth,  is  called 
the  Equinoctial  Colurc:  and  the  great  circle  which 
passes  through  the  solstitial  points  and  the  poles  of 
the  eartha  is  called  the  Solstitial  Colurc, 
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.■V-    ;,.-,  ^-y^-^nx^'-v     - 

When  the  Sun  enters  Aries,  it  is  in  the  Equi- 
noctial ;  and,  therefore,  has  no  declination.  From 
thence  it  moves  forward  in  the  Ecliptic,  according 
to  the  order  of  the  signs,  and  advances  towards  the 
Borth  pole,  by  a  kind  of  retarded  motion,  till  it  en- 
ters Cancer,  and  is  then  most  distant  fr©m  the 
Equinoctial ;  and  moving  forward  in  the  Ecliptic, 
the  Sun  apparently  recedes  from  the  north  pole 
with  an  accelerated  motion  till  it  enters  Libra,  and 
being  again  in  the  Equinoctial,  has  no  declination ; 
the  Sun  moving  through  the  signs  Libra,  Scorpio, 
and  Sagittarius,  enters  Capricorn  ;  and  then  its 
5K)uth  declination  is  greatest,  and  is,  therefore, 
most  distant  from  the  north  pole ;  and  moving  for- 
ward through  the  signs  Capricorn,  Aquarius,  and 
Pisces,  again  enters  Aries :  Hence,  a  period  of 
the  seasons  is  completed,  and  this  period  is  called 
9  Solar  Year, 

'  The  signs  Aries,  Taurus,  Gemini,  Cancer,  I^ec^ 
and  Virgo,  are  called  Northern  Signs,  because 
they  are  contained  in  that  part  of  the  Ecliptics 
Ivhich  is  between  the  Equinoctial  and  North  Pole  ; 
and,  therefore,  while  the  Sun  is  in  these  signs,  its 
declination  is  north :  the  other  six  signs  are  called 
Southern  Signs.  The  signs  in  the  first  and  fourth 
quarters  of  the  Ecliptic  are  called  Ascending  Signs  - 
because,  while  the  Sun  is  in  these  signs,  it  ap- 
proaches the  north  pole — and,  therefore,  in  the 
northern,  temperate,  and  frigid  zones,-  the  Sun*9 
meridian  altitude  daily  increases;  or,  which  is  the 
tame,  the  Sun  ascends  to  a  greater  height  above 
the  horizon  every  day.  The  signs  in  the  second 
and  third  quarters  of  the  Ecliptic  are  called  De-^ 
scending  Signs. 

The  Tropics  are  circles  parallel  to  the  Equi-^i 
nectial,  iivhdse  distance  therefrom,  is  equal  ta  th^> 
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obliqyity  of  the  Ecliptic.  The  Northern  Tropic 
touches  the  Ecliptic  at  the  beginning  of  Cancer, 
and  is,  therefore,  called  the  Tropic  of  Cancer;  and 
the  Southern  Tropic  touches  the  Ecliptic  at  the 
beginning  of  Capricorn,  and  is  hence  called  the 
Tropic  of  Capricorn. 

Circles  about  the  poles  of  the  Equinoctial,  and 
passing  through  the  poles  of  the  Ecliptic,  are  call- 
ed Polar  Circles  ;  the  distance,  therefore,  of  each 
Polar  Circle  from  its  respective  Pole,  is  equal  to 
the  inclination  of  the  Ecliptic  and  Equinoctial. 
That  Circle  which  circumscribes  the  Noiih  Pole 
is  called  the  Artie,  or  North  Polar  Circle ;  and 
that  towards  the  South  Pole,  the  Antariic,  or  South 
Polar  Circle, 

That  semicircle  which  passes  through  a  star,  or 
any  ^iven  point  of  the  heavens,  and  the  Poles  of 
the  Ecliptic,  is  called  a  Circle  of  Latitude. 

The  Reduced  Place  of  a  Star  is  that  point  of 
the  Ecliptic,  which  is  intersected  by  the  circle  of 
latitude  passing  through  that  star. 

The  Latitude  of  a  Star  is  that  portion  of  the 
circle  of  latitude  contained  between  the  Star  and 
its  reduced  place — and  is  either  north  or  south,  ac- 
cording as  the  Star  is  betw^een  the  Ecliptic  and 
the  north  or  south  pole  thereof. 

The  Longitude  of  a  Star  is  that  portion  of  the 
Ecliptic,  contained  between  the  Vernal  Equinox 
and  the  reduced  place  of  the  Star. 


m ) 
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Descrifiiion  of  the  Instruments  requisite  in  Astronomical 
Observations. 


THE  QUADRANT, 


XT  is  generally  allowed  that  we  are  indebted  to 
John  Hadley,  Esq.  for  the  invention,  or  at  least 
for  the  first  public  account  of  that  admirable  in- 
strument, commonly  called  Hadley 's  Quadrant, 
who  in  the  year  1731,  first  communicated  its  prin- 
ciples to  the  Royal  Society,  which  were  by  them 
published  soon  after  in  their  Philosophical  Trans- 
actions ;  before  this  period,  the  Cross  Staff  and 
:  Davis's  Quadrant  were  the  only  instruments  used 
'for  measuring  altitudes  at  sea,  both  very  imper- 
fect, and  liable  to  considerable  error  in  rough  wea- 
ther; the  superior  excellence  hoAvever  of  Had- 
0fey's  Quadrant,  soon  obtained  its   general   use 
^^mong  seamen,  and  the  many  improvements  this 
^.thstrument  has  received  from  ingenious  men  at 
various  times,  has  rendered  it  so  correct,  that  it  is 
now  applied,  with  the  greatest  success,  to  the  im- 
^portant  purposes  of  ascertaining  both  the  latitude 
'  ind  longitude  at  sea,  or  land. 

The  Octant  or  Frame,  is  generally  made  of 
ebony,  or  other  hard  wood,  and  consists  of  an  arch 
firmly  attached  to  two  radii,  or  bars,  which  are 
strengthened  and  bound  by  the  two  braces,  in  or- 
der to  prevent  it  from  warping. 

Rr 
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Tlie  Ai'ch,  or  Limb,  although  only  the  eighth 
part  of  a  circle,  is  on  account  of  the  double  reflec- 
tion, divided  into  90  degrees,  nuniberedO,  10,  20, 
30,  kc.  from  the  right  towards  the  left ;  these  are 
subdivided  into  3  parts,  containing  each  20  mi- 
nutes, which  are  again  subdivided  into  single  mi- 
nutes, by  means  of  a  scale  at  the  end  of  the  Index. 
The  arch  extending  from  0  towards  the  right  hand 
is  called  the  arch  of  excess. 

The  Index  is  a  flat  brass  bar,  that  turns  on  the 
centre  of  the  instrument ;  at  the  loVver  end  of  the 
Index  there  is  an  oblong  opening :  to  one  side  of 
this  opening  a  Nonius  scale  is  fixed  to  subdivide 
tlie  divisions  of  the  arch  ;  at  the  bottom  or  end  of 
the  index,  there  is  a  piece  of  brass  which  bends 
under  the  arch,  carrying  a  spring  to  make  the 
Nonius  scale  lie  close  to  the  divisions ;  it  is  also 
furnished  with  a  screw  to  fix  the  Index  iu  any  de- 
sired position. 

Some  instruments  have  an  adjusting  or  tangent'- 
screiVy  fitted  to  the  Index,  that  it  may  be  moved 
more  slowly,  and  with  greater  regularity  and  ac- 
curacy than  by  the  hand  ;  it  is  proper,  however, 
to  observe,  that  the  Index  must  be  previously  fix- 
ed near  its  right  position  by  the  above  mentioned 
.screwy  before  the  adjusting  screw  is  put  in  motion. 

The  Nonius  is  a  scale  fixed  to  the  end  of  the 
Index  for  the  purpose,  as  before  observed,  of  d^ 
viding  the  subdivisions  on  the  Arch  into  Minutes; 
it  sometimes  contains  a  space  of  7  degrees,  or  21 
subdivisions  of  the  limb,  and  is  divided  into  20 
equal  parts;  hence  each  division  on  the  Nonius 
will  be  one-twentieth  part  greater,  that  i?,'one  mi- 
fiute  longer  than  the  divisions  on  the  Arch  ;  eo»^ 
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sequently,  if  the  first  division  of  the  Nonius  mark- 
ed Oy  be  set  precisely  opposite  to  any  degree,  the 
relative  pobition  of  the  Nonius  and  the  Arch  must 
be  altered  one  minute  before  the  next  division  on 
the  Nonius  will  coincide  with  the  next  division  on 
the  Arch,  the  second  division  will  require  a  change 
of  2  minutes,  the  third  of  3  minutes,  and  so  on,  till 
the  20th  stroke  on  the  Nonius  arrives  at  the  next 
20  minutes  on  the  Arch ;  the  0  on  the  Nonius  wall 
then  have  moved  exactly  20  minutes  from  the  di- 
vision whence  it  set  out,  and  the  intermediate  di- 
visions of  each  minute,  liave  been  regularly  point- 
ed out  by  the  divisions  of  the  Nonius. 


The  divisions  of  the  Nonius  scale  are  in  the 
above  case  reckoned  from  the  middle  towards  the 
right,  and  from  the  left  towards  the  middle ;  there- 
fore  the  first  10  minutes  are  contained  on  the  right 
of  the  0,  and  the  other  10  on  the  left.  But  tills 
method  of  reckoning  the  divisions  being  found  in- 
convenient, they  are  more  generally  counted,  be- 
ginning from  the  right-hand  towards  the  left ;  and 
then  20  divisions  on  the  Nonius  are  equal  to  19 
on  the  limb,  consequently  one  division  on  the 
Arch  will  exceed  one  on  the  Nonius  by  one-twen- 
tieth part,  that  is,  one  minute. 


The  0  on  the  Nonius,  points  out  the  entu*e  de- 
grees and  odd  twenty  minutes  subtended  by  the 
objects  observed ;  and  if  it  coincides  with  a  divi- 
sion on  the  Arch,  points  out  the  required  angle  : 
thus,  suppose  the  0  on  the  Nonius  stands  at  25  de- 
grees, then  25  degrees  will  be  the  measure  of  th^ 
angles  observed;  if  it  coincides  with  the  next  di- 
vision on  the  left  hand,  25  degrees  20  iiiinutes  is 
the  angle  ;  if  with  the  second  division  beyond  2() 
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degrees,  then  the  angle  will  be  25  degiees  40  mi- 
nutes ;  and  so  on  in  every  instance  where  the  0  on 
the  Nonius  coincides  with  a  division  on  the  Arch; 
but  if  it  does  not  coincide,  then  look  for  a  divi- 
sion on  the  Nonius  that  stands  diiectly  opposite 
to  one  on  the  Arch,  and  that  division  on  the  No- 
nius gives  the  odd  minutes  to  be  added  to  that  on 
the  Arch  nearest  the  right-hand  of  the  0  on  the 
Nonius  ;  for  example,  suppose  the  Index  division 
does  not  coincide  with  25  degrees,  but  that  the 
next  division  to  it  on  the  Nonius  is  the  first  coin- 
cident  division,  then  is  the  required  Angle  25  de- 
grees 1  minute ;  if  it  had  been  the  second  division, 
the  Angle  would  have  been  25  degrees  2  minutes, 
and  so  on  to  20  minutes,  when  the  0  on  the  Nonius 
would  coincide  with  the  first  20  minutes  on  the 
Arch  from  25  degrees.     Again,  let  us  suppose  the 
0  on  the  Nonius  to  stand  between  50  degrees  and 
50  degrees  20  minutes,  and  that  the  15th  division 
on  the  Nonius  coincides  with  a  division  on  the 
Arch,   then  is  the  angle  50  degrees  1 5  minutes. 
Further,  let  the  0  on  the  Nonius  stand  between 
45  degrees  20  minutes  and  45  degrees  40  minutes, 
and  at  the  same  time  the  14th  division  on  the  No- 
nius stands  directly  opposite  to  a  division  on  the 
Arch,  then  will  the  Angle  be  45  degrees  34  mi- 
nutes. 

The  Index  Glass  is  a  plane  speculum,  or  mirror 
of  glass  quicksilvered,  set  in  a  brass  frame,  and  so 
placed  that  the  face  of  it  is  perpendicular  to  the 
plane  of  the  instrument,  and  immediately  over  the 
centre  of  motion  of  the  Index.  This  mirror  being 
fixed  to  the  Index  moves  along  with  it,  and  has  its 
direction  changed  by  the  motion  thereof. 

This  glass  is  designed  to  reflect  the  image  of  the 
Sun,  or  any  other  object,  upon  either  of  the  two 
horizon  glasses,  from  whence  it  is  reflected  to  the 
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eye  of  the  observer.  The  brass  frame,  with  the 
glass,  is  fixed  to  the  Index  by  the  screw ;  the  other 
screw  serves  to  place  it  in  a  perpendicular  posi- 
tion, if  by  any  accident  it  has  been  put  out  of  or- 
der. 

The  Horizon  Glasses  are  two  small  speculums 
on  the  radius  of  the  Octant ;  the  surface  of  the 
upper  one  is-parallel  to  the  Index  glass  when  the 
0  on  the  Nonius  is  at  0  on  the  Arch  ;  these  mir- 
rors receive  the  rays  of  the  object  reflected  from 
the  Index  glass,  and  transmit  them  to  the  observer. 
The  fore  Horizon  glass  is  only  silvered  on  its  lower 
half,  the  upper  half  being  transparent,  in  order  that 
the  direct  object  may  be  seen  through  it  The 
back  Horizon  glass  is  silvered  at  both  ends ;  in 
the  middle  there  is  a  transparent  slit,  through 
which  the  Horizon  may  be  seen.  Each  of  these 
glasses  is  set  in  a  brass  frame,  to  which  there  is  an 
axis;  this  axis  passes  through  the  woodwork,  and 
is  fitted  to  a  lever  on  the  under  side  of  the  quad- 
rant, by  which  the  glass  may  be  turned  a  few  de- 
grees on  its  axis,  in  order  to  set  it  parallel  to  the 
Index  glass. 

To  set  the  glasses  perpendicular  to  the  plane  of 
the  quadrant,  there  are  two  sunk  screws,  one  be- 
fore and  one  behind  each  glass:  these  screws  pass 
through  the  plate  on  which  the  frame  is  fixed  into 
another  plate,  so  that  by  loosening  one  and  tighten- 
ing the  other  of  these  screws,  the  direction  of  the 
frame,  with  its  mirror,  may  be  altered,  and  thus 
be  set  perpendicular  to  the  plane  of  the  instrument. 

The  Dark  Glasses,  or  Shades,  are  used  to  pre-* 
vent  the  bright  rays  of  the  Sun,  or  the  glare  of  the 
Moon,  from  hurting  the  eye  at  the  time  of  obser- 
vation ',  there  are  generally  three  of  f  hem,  two  red, 
^nd  one  green.     They  are  each  set  in  a  brassframe 
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which  turn  on  a  centre,  so  that  they  may  be  used 
separately  or  together,  as  the  brightness  of  th€t 
object  may  require.  The  green  glass  may  be  Used 
also  alone,  if  the  Sun  be  very  faint;  it  is  likeAvise 
used  in  taking  observations  of  the  Moon  ;  when 
these  glasses  are  used  for  the  fore  observation, 
they  are  set  immediately  before  the  fore  Horizon 
glass,  but  in  front  of  the  other  Horizon  glass, 
when  a  back  observation  is  made. 

The  Sight  Vanes  are  pieces  of  brass,  standing 
perpendicular  to  the  plane  of  the  instrument :  that 
one  which  is  opposite  the  fore  horizon,  is  called 
the  fore  Sight  Vane,  the  other  the  back  Sight  Vane. 
There  are  two  holes  in  the  fore  Sight  Vane,  the 
lower  of  which,  and  the  upper  edge  of  the  silvered 
part  of  the  fore  Horizon  glass,  are  equidistant 
from  the  plane  of  the  instrument,  and  the  other  is 
opposite  to  the  middle  of  the  transparent  part  of 
that  glass;  the  back  Sight  Vane  has  only  one  hole, 
which  is  exactly  opposite  to  the  middle  of  the 
transparent  slit  in  the  Horizon  glass  to  which  it  be- 
longs :  but  as  the  back  observations  are  liable  to 
many  inconveniences  and  errors,  we  shall  not  give 
any  directions  for  their  practice. 

ADJUSTMENTS. 

The  several  parts  of  the  Quadrant  being  liable 
lo  be  out  of  order  from  a  variety  of  accidental  cir- 
ciimstances,  it  is  necessary  to  examine  and  adjust 
them,  so  that  the  instrument  may  be  put  into  a 
proper  state,  previous  to  taking  observations. 

An  instrument  properly  adjusted,  must  have  the 
Index  glass  and  Horizon  glasses  perpendicular  to 
the  plane  of  the  Quadrant ;  the  plane  of  the  fore 
Horizon  glass  parallel,  and  that  of  the  back  Hori- 
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zon  glass  perpendicular  to  the  plane  of  the  Index 
glass,  when  the  0  en  the  Konius  is  at  0  on  the 
Aich  ;  hence  the  Quadrant  requires  five  adjust- 
ments, the  first  three  of  which  being  once  made, 
are  not  so  liable  as  the  last  two  to  be  out  of  order ; 
however  they  should  all  be  occasionally  examin- 
ed in  case  of  an  accident. 


I.  Tq  set  the  Plane  of  the  Index  Glass  fier/iendicular  (o  that  (f 
the  Instrument. 

Place  the  Index  near  to  the  middle  of  the  Arch, 
and  holding  the  Quadrant  in  a  horizontal  position, 
with  the  Index  glass  close  to  the  eye,  look  ob- 
liquely down  the  glass,  in  such  a  manner  that  you 
may  see  the  Arch  of  the  Quadrant  by  direct  view, 
and  by  reflection  at  the  same  time  ;  if  they  join 
in  one  direct  line,  and  the  Arch  seen  by  reflection 
forms  an  exact  plane,  or  strait  line,  with  the  Arch 
seen  by  direct  view^  the  glass  is  perpendicular  to 
the  plane  of  the  Quadrant ;  if  not,  it  must  be  re- 
stored to  its  right  position  by  loosening  the  screw, 
or  tightening  it,  or  vice  versa,  by  a  contrary 
operation. 

XL  T%  set  the  Fore  Horizon  Glass  parallel  to  the  Index  Glass,  the 
Index  being  at  0- 

Set  the  0  on  the  Nonius  exactly  against  0  on 
the  Arch,  and  fix  it  there  by  the  screw  at  the  un- 
der  side.  Then,  holding  the  Quadrant  vertically, 
with  the  Arch  lowermost,  look  through  the  Sight 
Vane,  at  the  edge  of  the  sea,  or  any  other  well 
defined  and  distant  object.  Now,  if  the  Horizon 
in  the  silvered  pail  exactly  meets,  and  forms  one 
continued  line  with  that  seen  through  the  unsil- 
vered  part,  the  Horizon  glass  is  parallel  to  the  In^ 
i^x  glass.    But  if  ike  Horixons  do  not  coincide^ 


312  THE  QUADRANT. 

then  loosen  the  button-screw  in  the  middle  of  the 
lever,  on  the  under  side  of  the  duadrant,  and 
move  the  Horizon  glass  on  its  axis,  by  turning  the 
nut  at  the  end  of  the  adjusting  lever,  till  you  have 
made  them  perfectly  coincide  ;  then  fix  the  lever 
firmly  in  this  situation  by  tightening  the  button- 
screw.  This  adjustment  ought  to  be  repeated  be- 
fore and  after  every  observation.  Some  obser- 
vers adopt  the  following  method,  which  is  called 
finding  the  Index  error.  Let  the  Horizon  glass 
remain  fixed,  and  move  the  Index  till  the  image 
and  object  coincide  ;  then  observe  whether  0  on 
the  Nonius  agrees  with  0  on  the  Arch,  if  it  does 
not,  the  number  of  minutes  by  which  they  differ  is 
to  be  added  to  the  observed  altitude  or  angle,  if 
the  0  on  the  Nonius  be  to  the  right  of  the  0  on  the 
Arch,  but  if  to  the  left  of  the  0  on  the  lunb,  it  is 
to  be  subtracted. 

It  has  already  been  observed,  that  that  part  of 
the  Arch  beyond  0,  towards  the  j-ight  hand,  is  call- 
ed the  Arch  of  excess :  the  Nonius,  when  the  0 
on  it  is  at  that  part,  must  be  read  the  contrary 
way,  or  which  is  the  same  thing,  you  may  read  off" 
the  minutes  in  the  usual  way,  and  then  their  com- 
plement to  20  minutes  will  be  the  real  number,  to 
be  added  to  the  degrees  and  minutes  pohited  out 
hy  the  0  on  the  Nonius. 


III.  To  set  the  Fore  Horizon  Glass  pcrjiendicular  to  the  Plane  of 
the  Quadrant. 

Having  previously  made  the  above  adjustment, 
incline  the  (Quadrant  on  one  side  as  much  as  possi- 
ble, provided  the  Horizon  continues  to  be  seen 
in  both  parts  of  the  glass ;  if  when  the  instrument 
is  thus  inclined,  the  edge  of  the  sea  seen  through 
the  lower  hole  of  the  Sight  Yanecantinues  to  form 
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one  unbroken  line,  the  Horizon  glass  is  per- 
fectly adjusted ;  but  if  the  reflected  Horizon  be 
separated  from  that  seen  by  direct  vision,  the  spe- 
culum is  not  perpendicular  to  the  plane  of  the 
Quadrant :  then  if  the  limb  of  the  Quadrant  is  in- 
clined towards  the  Horizon,  with  the  face  of  the 
instrument  upwards,  and  the  reflected  sea  appears 
higher  than  the  real  sea,  you  must  slacken  the 
screw  before  the  Horizon  glass,  and  tighten  that 
which  is  behind  it ',  but  if  the  reflected  sea  ap- 
pears lower,  the  contrary  must  be  performed. 
Care  must  be  always  taken  in  this  adjustment  to 
loosen  one  screw  before  the  other  is  screwed  up, 
and  to  leave  the  adjusting  screws  tight,  or  so  as  to 
draw  with  a  moderate  force  against  each  other. 

This  adjustment  niay  be  also  made  by  the  S\\i\ 
Moon,  or  a  Star;  in  this  case  the  Quadrant  is  to  be 
held  in  a  vertical  position  ;  if  the  image  seen  by 
reflection  appears  to  the  right  or  left  of  the  object 
seen  directly,  then  the  glass  must  be  adjusted  a? 
before  by  the  two  screws. 


It  will  be  necessary,  after  having  made  this  ad- 
justment, to  examine  if  the  Horizon  glass  still  con- 
tinues to  be  parallel  to  the  Index  glass,  as  some- 
limes  by  turning  the  sunk  screws  the  plane  of  the 
Horizon  glass  will  have  its  position  altered. 

USE  OF  HADLEY'S  QUADRANT. 

The  use  of  the  Quadrant  is  to  ascertain  the  An- 
gle subtended  by  two  distant  objects  at  the  eye  of 
the  observer;  but  principally  to  observe  the  al- 
titude of  a  celestial  object  above  the  Horizon : 
this  is  pointed  out  by  the  Index  when  one  of  the 
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objects  seen  by  reflection  is  made  to  coincide  with 
the  otiier,  seen  through  the  transparent  part  of  the 
Horizon  glass. 

r 

To  take  an  Altitude  of  the  Sun,  Moon,  or  a  Star^  by  a  Fore 
Observation. 

Having  previously  adjusted  the  instrument, 
place  the  0  on  the  Nonius  opposite  to  0  on  the 
Arch,  and  turn  down  one  or  more  of  the  screens, 
according  to  the  brightness  of  the  Sun  ;  then  ap- 
ply the  eye  to  the  upper  hole  in  the  fore  Sight 
Vane,  if  the  Sun's  image  be  very  bright,  other- 
wise to  the  lower,  and  holding  the  Quadrant  ver- 
tically, look  directly  towards  the  Sun  so  as  to  let 
it  be  behind  the  silvered  part  of  the  Horizon  glass, 
then  the  coloured  Sim's  image  will  appear  on  the 
speculum  ;  move  the  Index  forward  till  the  Sun's 
image,  which  will  appear  to  descend,  just  touches 
the  Horizon  with  its  lower  or  upper  limb ;  if  the 
upper  hole  be  looked  through,  the  Sun's  image 
must  be  made  to  appear  in  the  middle  of  the  trans- 
parent part  of  the  horizon,  but  if  it  be  the  lower 
hole,  hold  the  Quadrant  so  that  the  Sun's  image 
may  be  bisected  by  the  line  joining  the  silvered 
and  transparent  parts  of  the  Horizon  glass. 

The  Sim's  Ihnb  ought  to  touch  that  part  of  the 
Horizon  immediately  under  the  Sun,  but  as  this 
point  cannot  be  exactly  ascertained,  it  will  be 
therefore  necessary  for  the  observer  to  give  the 
Quadrant  a  slow  motion  from  side  to  side,  turn- 
ing at  the  same  time  upon  his  heel,  by  w  hich  mo- 
tion the  Sun  wiil  appear  to  sweep  the  Horizon, 
and  must  be  made  just  to  touch  it  at  the  lowest 
part  of  the  Arch ;  the  degrees  and  minutes  then 
pointed  out  by  the  Index  on  the  Limb  of  the 
Quadrant  will  be  the  observed  altitude  of  that 
limb  which  is  brought  in  contact  with  the  Horizon. 
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When  the  meridian  or  greatest  altitude  is  re- 
quired, the  observation  should  be  commenced  n 
sliort  time  before  the  object  comes  to  the  meri- 
dian ;  being  brought  down  to  the  Horizon,  it  will 
appear  for  a  few  minutes  to  rise  slowly  ;  when  it 
is  again  to  be  made  to  coincide  wilh  the  Horizon 
by  moving  the  Index  forward ;  this  must  be  re- 
peated until  the  object  begins  to  descend,  when 
the  Index  is  to  be  secured,  and  the  observation  to 
be  read  off. 

From  this  description  of  the  Quadrant  and  its  use,  the  manner  of 
adjusting  and  using  the  Sextant  will  be  readily  apprehended.  Our 
limits  will  not  allow  a  particular  deschption  of  this  excellent  in- 
strument- 

The  Artificial  Horizon. 

In  many  cases  it  happens  that  altitudes  are  to  be 
taken  on  land  by  the  Quadrant  or  Sextant;  which, 
for  want  of  a  natural  horizon,  can  only  be  obtain- 
ed by  an  artificial  one.  There  have  been  a  vari- 
ety of  these  sorts  of  instruments  made,  but  the 
kind  now  described  is  allowed  to  be  the  only  one 
that  can  be  depended  upon.  It  consists  of  a  wood 
or  metal  framed  roof,  containing  two  true  parallel 
glasses  of  about  5  by  21  inches,  fixed  not  too  tight 
in  the  frames  of  the  roof.  This  serves  to  shelter 
from  the  air  a  wooden  trough  filled  with  quicksil- 
ver. In  making  an  observation  by  it  with  the 
Quadrant,  or  Sextant,  the  reflected  image  of  the 
sun,  moon,  or  other  object,  is  brought  to  coincide 
with  the  same  object  reilected  from  the  glasses  of 
the  Quadrant  or  Sextant :  half  the  angle  shown 
upon  the  limb  is  the  altitude  above  the  horizon  or 
level  required.  It  is  necessary  in  a  set  of  obser- 
vations that  the  roof  be  always  placed  the  same 
way.  When  done  with,  the  roof  folds  up  fiat- 
w^ays,  and,  with  the  quicksilver  in  a  bottle,  &c,  i:^ 
packed  into  a  portable  fiat  case. 
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SECTION  III. 

To  find  the  Latitude  by  the  Meridian  Altitude  of  the  Su2h 

The  Latitude  of  a  place  is  its  distance  from  the  equator,  eithev 
Korth  or  South  ;  and  is  measured  by  an  arch  of  a  Meridian  con- 
tained between  the  Zenith  and  t^e  equinoctial.  Hence,  if  the  dis- 
tance of  any  heavenly  body  from  the  Zenith,  when  on  the  Meridian, 
and  its  declination,  or  the  number  of  degrees  and  minutes  it  is  to  the 
Northward,  or  Southward  of  the  equinoctial,  bd  given,  the  Latitude 
may  thence  be  found. 

The  Altitude  of  the  Sun,  observed  by  a  Quadrant,  or  Sextant,  re- 
quires tour  corrections  in  order  to  obtain  the  true  altitude ;  these  are 
the  Semidiameter,  Dip,  Refraction,  and  Parallax. 

By  the  Semidiameter  of  the  Sun  is  meant  the  angle  subtended  by 
the  distance  from  its  centre  to  its  apparent  circumference.  The 
quantity  of  this  angle  is  given  for  every  sixthday  in  the  year  in  table  10. 

The  Dip  of  the  Horizon  is  a  vertical  angle  contained  between  a 
Horizontal  plane  passing  through  the  eye  of  an  observer,  and  a  line 
drawn  trom  his  eye  to  the  visible  Horizon.  This  Dip  is  found  ia 
Table  8,  when  the  visible  horizon  is  formed  by  the  apparent  junction 
of  the  water  and  sky  ;  but  in  Table  9,  when  land  intervenes.  In  this 
case,  the  line  tiiat  separates  the  land  and  water  is  used  as  the  Hori- 
zon, and  its  distance  from  the  observer  must  be  duly  estimated. 

The  Refraction  of  any  celestial  body  is  the  difference  between  its 
apparent  place,  and  that  wherein  it  would  be  seen,  if  the  space  be- 
tween the  observer  and  object,  was  either  a  void,  or  of  a  uniform 
density.     Table  6  contains  this  Refraction. 

That  part  of  tlie  heavens,  in  which  an  object  appears,  when  view- 
ed from  the  surface  of  the  earth,  is  called  its  apparent  place;  and 
the  point,  wherein  it  would  be  seen,  at  the  same  instant,  if  viewed 
from  the  centre  of  the  earth,  is  called  its  true  place  ;  the  difference 
between  the  true  and  apparent  places,  is  called  the  Parallax.  The 
Sun's  Parallax  in  Altitude  is  found  in  Table  7. 


RULE 

For  Jinding  the  jLatitude  from  the  Sun^s  Meridian 
Altitude, 

Having  observed  with  the  Quadrant,  or  Sextant, 
the  altitude  of  the  Sun's  lower  limb  above  the  vi- 
sible horizon, — or  the  line  of  separation  of  the 
land  from  the  water,  when  that  horizon  is  obstruct- 
ed by  land — add  thereto  the  semidiameter,  taken 
from  table  10  at  the  given  day  of  the  month,  or  the 
pne  nearest  to  it,  and  from  this  sum  subtract  the 
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Dip,  from  table  8  or  9,  corresponding  to  the  height 
of  the  observer's  eye  above  the  surface  of  the 
water ;  and  tbis  result  will  be  the  apparent  alti- 
tude of  the  Sun's  centre.  Then  take  the  refrac- 
tion from  table  6,  and  the  parallax  from  table  7, 
corresponding  to  this  altitude,  and  the  difference 
of  these  quantities,  called  the  correction,  being 
subtracted  from  the  apparent  altitude,  the  remain- 
der will  be  the  Sun's  true  altitude ;  the  comple- 
ment of  which  will  be  its  zenith  distance,  north  or 
south,  according  as  the  Sun  bears  south  or  norths 
at  the  time  of  observation. 

When  the  observation  has  been  made  by  bring- 
ing the  Sun's  image  in  the  Quadrant,  or  Sextant, 
to  a  just  coincidence  with  its  image  in  an  artificial 
horizon,  half  the  angle  shown  on  the  instrument  is 
the  Sun's  apparent  altitude,  which  must  be  cor- 
rected by  the  corresponding  refraction  and  paral- 
lax only,  in.  order  to  obtain  the  true  altitude. 

Take  the  Sun's  declination  from  table  13,  an- 
swering to  the  given  year,  month,  and  day,  observ- 
ing whether  it  be  north  or  south,  and  reduce  it,  as 
there  directed,  by  the  help  of  table  14,  to  the  lon- 
gitude of  the  place  of  observation.  Then  the  sum, 
or  difference  of  the  zenith  distance,  and  declina- 
tion, according  as  they  are  of  the  same,  or  of  a 
contrary  denomination,  will  be  the  latitude  of  the 
place  of  observation,  of  the  same  name  with  the 
greater  of  those  two  quantities. 
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Examples. 

1st.  March  lOth,  181 1,  in  longi-  2d.  May  10th,  1811,  in  long.  80« 
tude  70"  W.  the  Men  Alt.  of  Q  L-  W.  at  noun,  the  angular  distance 
L.  was  obstrrved  to  be  49°  50  between  the  O  hearing  south,  and 
bearing  south— height  of  the  ob-  its  reflected  image  in  the  artificial 
server's  eye  12  feet,  required  the  horizon  was  found  with  a  sextant 
latitude  in  to  be  98°  30'  40'  required  the  lati- 

Mer.  Alt.  O  L.  L.=49o  50'  00''  S-  tude 


Semidiameter 
Dip— table  8 

Ap.  Alt. 
Correction 

True  Alt. 


Zenith  Dist. 
Reduced  Dec. 

Latitude. 


=    -f-16  08 
=     -03  19 


=  50  02  49 

==         -42 


98o  50'  40' 
O  Ap.  Alt. 
Correction 

True  Alt. 


-:-2=49o  15'  20" 
==49o  15'  20' S. 
=        •    -43 


50  02  07 
90 

=  39  57  53N. 
c=    4  15  29S. 

35  42  24N. 


=  49 
90 


14   37 


Zenith  Dist. 
Reduced  Dec. 

Latitude. 


=40 
=  17 


45 
30 


23  N. 
34  N. 


=58    15    57  if. 


3d.  Julv  24th,  1811,  in  long.  62'> 
30'  W.  the  Mer.  Alt  of  O  L-  L. 
above  the  border  of  a  lake  was 
observed,  by  a  person  on  the  op- 
posite shore,  to  be  56o  32'  bear- 
ing S — the  distance  of  that  bor- 
der of  the  lake  beneath  the  sun 
being  5  miles  from  the  observer, 
and  the  heigl-ft  of  his  eye  above 
the  surface  of  the  water,  8  feet ; 
required  the  latitude. 
Mer.  Alt.  O  L.  L.  =560  32'  00''  S. 
Semidiameter  =  -f.  15  48 
Dip  from  table  9   =      -2  36 


Ap.  Alt. 
Correction 


4th.  October  11th,  1812,  in  long. 
91°  W.  the  Meridian  Altitude  .of 
O  L.  L.  above  the  visible  horizon 
was  observed  to  be  47o  13'  bear- 
ing S.  the  height  of  the  eye  being 
25 feet;  required  the  latitude. 
Mer.  Alt.OL.L.=47o  13  00 'S. 
Semidiameter  =4-16  06 
Dip  from  table  8  =      -  4  47 


Ap.  Alt 
Correction 

True  Alt. 


=  56  45  12 
=  —33 


Zenith  Dist. 
Reduced  Dec- 


=47  24    19 

=  -46 

=47  23    33 
90 

=42  36    27  N. 

=  6  58    16  S- 


True  Alt. 

Zenith  Dist. 
Reduced  Dec. 

Latitude 


56  44  39 
90 


Latitude  =35    38    11  N- 

N.  B.  For  the  various  other  me- 

33  15  21  N.  thcds  of  finding  the. latitude  by 
19  59  46  n!  observation,the surveyor  must ap- 
'  ply  to  books  professedly  on  prac- 


=  53  15  or  N.  tical  astronomy.  He  will,  however 
find  a  method  of  observing  the  latitude  by  the  altitude  of  the  north 
star,  in  tlie  explanation  of  table  12,  annexed  to  this  treatise. 

SECTION  IV. 

YxVRIATIOiS'  OF  THE  COMPxVSS. 

The  variation  of  the  compass  is  the  deviation  6f 
the  points  of  the  mariner's  compass  from  the  cor- 
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responding  points  of  the  horizon,  and  is  termed 
east  or  west  variation,  according  as  the  magnetic 
needle,  or  north  point  of  the  compais,  is  inclined 
to  the  eastward  or  westward  of  the  true  north  point 
of  the  horizon. 

The  true  amplitude  of  anv  celestial  object  is  an  arch  of  the  hori- 
2on  contained  between  the  true  east  or  west  points  thereof,  and  the 
centre  of  the  object  at  the  time  of  its  risiiig  or  setting  ;  or  it  ib  the 
degrees  and  mmutes,  the  object  rises  or  sets  to  the  northward  or 
southward  of  the  trup  east  or  west  pf:ints  of  the  horizon. 

The  magnetic  aniphtude,  is  an  arch  contained  between  the  east 
or  west  poir.ts  of  the  compass  and  the  centre  of  the  object  at  rising 
or  setting  ;  or  it  is  the  bearing  of  the  object,  by  compass,  when  in 
the  horizon. 

The  true  azimuth  of  an  object  is  an  arch  of  the  horizon  contained 
ber^veen  the  true  meridian  and  the  azimuth  circle  passing  through 
the  c^-ntre  of  the  object. 

The  magnetic  azimuth,  is  an  arch  contained  between  the  magnetia 
meridian  and  the  azimuth  circle  passing  through  the  centre  of  the 
object ;  or  it  is  the  bearing  of  the  object,  by  compass,  at  any  time 
when  it  is  above  the  horizon- 

The  true  amplitude,  or  aziaiuth,  is  found  by  calculation,  and  the 
magnetic  amplitude,  or  azimuth,  by  an  azimuth  compass. 

THE  AZIMUTH  COMPASS. 

Prom  the  accounts  of  the  compasses,  heretofore 
given  in  the  description  of  surveying  instruments, 
it  is  presumed  that  the  nature  and  properties  of  the 
azimuth  compass  will  be  readily  conceived  by  a 
contemplative  inspection;  the  directions  for  its 
uses  are  as  follow  : 

To  obser&e  the  SurCs  amfilitude. 

Turn  the  compass-box  until  the  Vane  containing  the  magnifying 
glass  is  directed  towards  the  sun  :  and  when  the  bright  speck,  or 
rays  of  the  sun  collected  by  the  magnifying  glass,  falls  upon  the  slit 
kn  the  otlier  \  ane,  stop  the  card  by  means  of  the  nonius,  and  read  off 
the  amplitude. 

Without  using  the  magnifying- glass,  the  sight  maybe  directed 
through  the  dark  glass  towards  the  sun ;  and  in  this  case,  the  card 
is  to  be  slopped  when  the  sun  is  bisected  by  the  thread  in  the  other 
\fane. 

The  observation  should  be  ni^de  when  the  sun's  lower  limb  ap- 
pears somewhat  more  than  his  semidiameter  above  the  horizon, 
.beeavse  his  centre  is  really  then  in  the  horizon,  although  it  is  ap- 
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parentiv  elevated  on  account  of  the  refraction  of  the  atmc^pliere  ; 
this  is  particularly  to  be  noticed  in  high  latitudes. 

To  observe  the  Sun's  Azimuth- 

Raise  the  magnifying-glass  to  the  upper  part  of  the  vane,  and 
move  the  box,  as  before  directed,  until  the  bright  speck  fall  on  the 
other  vane,  or  on  the  line  in  the  Imrizontal  bar ;  the  card  is  then  to 
be  stopped,  and  the  divisions  being  read  off,  will  be  the  sun's  mag- 
netic azimuth. 

If  the  card  vibrate  considerably  at  the  time  of  observation,  it  will 
be  better  to  observe  the  extreme  vibrations,  and  take  their  mean  as 
the  magnetic  azimuth-  When  the  magnetic  azimuth  is  observed, 
the  altitude  of  the  object  must  be  taken,  in  order  to  obtain  the  true 
azimuth. 

It  will  conduce  much  to  accuracy  if  several  azimuths  be  observed, 
-Nvith  the  corresponding  altitudes,  and  the  mean  of  the  whole  taken 
for  the  observation- 

To  find  the  variation  of  the  Compass  hy  an  amplitude, 

RuLE—l.  To  the  log.  secant  of  the  latitude, 
rejectins;  the  index,  add  the  log.  sine  of  the  sun's 
declination,  corrected  for  the  time  and  place  of 
observation;  their  sum  will  be  the  log.  sine  of  the 
true  amplitude,  to  be  reckoned  from  the  east  in 
the  morning,  or  the  west  in  the  afternoon,  towards 
the  north  or  south,  according  to  the  declination. 

2.  Then  if  the  true  and  magnetic  amplitudes, 
be  both  north  or  both  south,  their  difference  is  the 
variation;  but  if  one  be  north  and  the  other  south, 
their  sum  is  the  variation ;  and  to  know  whether 
it  be  easterly  or  westerly,  suppose  the  observer 
looking  towards  that  point  of  the  compass  repre- 
senting the  magnetic  amplitude  :  then  if  the  true 
amplitude  be  to  the  right  hand  of  the  magnetic 
amplitude,  the  variation  is  east,  but  if  to  the  left 
hand,  it  is  west. 
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EXAMPLE  I. 

Suly  3, 1812,  in  latitude  Qo  36'  S.  the  Sun  was  observed  to  tise  E> 
52«  42  N  :  required  the  variation  of  the  compass. 

Latitude  9o  36'  S.         -  Secant  0-00613 

Declination  22   59  N-         -  Sine      9. 1 9 158 

True  amplitude  E.  23  20  N.  -  Sine      9.5977i 

Mag.  amplitude  E.  12   42  N- 

Variation       -       10  38  west,  because  the  true  amplitude  is 
to  the  left  of  the  magnetic- 

EXAMPLE  IT. 

September  24,  1812,  in  latitude  26o  32'  N.  and  longitude  78o  W, 
the  Sun's  centre  was  observed  to  set  W-  6o  15'  S-  about  6h.  P*  M. 
required  the  variation  of  the  compass- 

Sun's  dechnatjon 

Corr-  for  long.  78o  W. 

Corr.  for  time  6h.  P-  M. 

Reduced  declination  0   41  Sine         8.0T650 

Latitude  26    32  Secant      0-04834 


True  amplitude  W-  0   46  S.      Sine  81.2484 

Mag.  amphtude  W.  6    15  S 

Variation      5    29  east,  because  the  true 
amplitude  is  to  the  right  hand  of  the  magnetic. 

To  find  the  Variation  of  the  Comfiass  b^  an  Azimuth 

Rule.  1. —  Reduce  the  Sun's  declination  to  the 
time  and  place  of  ohservation,  and  compute  the 
true  altitude  of  the  Sun's  centre. 

2.  Subtract  the  Sun's  declination  from  90^, 
when  the  latitude  and  declination  are  of  the  same 
name,  or  add  it  to  90%  when  they  are  of  contrary 
names ;  and  the  sum,  or  remainder,  will  be  the 
Sun's  polar  distance. 

3.  Add  together  the  Sun's  polar  distance,  the 
latitude  of  the  place,  and  the  altitude  of  the  Sun; 
take  the  difference  between  half  their  sum  and  the 
polar  distance,  and  note  the  remainder. 

4.  Then  add  together 

the  log.  secant  of  the  altitude    )  rejecting  their 
the  log.  secant  of  the  latitude  \       indices, 
the  log.  CO.  sine  of  the  half  sum, 
and  the  log.  ce.  sifie  of  the  remainder. 

Tt 


'*io<> 


32 


VARIATION  OP 


5.  Half  the  sum  of  these  four  logarithms  will  be 
the  sine  of  an  arch,  which  doubled,  will  be  the 
Sun's  true  azhnuth;  to  be  reckoned  from  the  south 
in  north  latitude,  and  from  the  north  in  south  lati- 
tude :  towards  the  east  in  the  morning,  and  to- 
wards the  west  in  the  afternoon. 

6.  Then  if  the  true  and  observed  azimuths  be 
both  on  the  east,  or  both  on  the  west  side  of  the 
meridian,  their  difference  is  the  variation  :  but  if 
one  be  on  the  east,  and  the  other  on  the  west  side 
of  the  meridian,  their  sum  is  the  variation  ;  and  to 
know  if  it  be  east  or  west,  suppose  the  observer 
looking  towards  that  point  of  the  compass  repre- 
senting the  magnetic  azimuth ;  then  if  the  true 
azimuth  be  to  the  right  of  the  magnetic,  the  vari- 
ation is  east,  but  if  the  true  be  to  the  left  of  the 
magnetic,  the  variation  is  west. 

EXAMPLE. 

November  2,  1812,  in  latitude  25°  32'  N.  and 
longitude  lb""  W.  the  altitude  of  the  Sun's  lower 
limb  was  observed  to  be  IS**  36',  about  4h.  10m. 
P.  M.  his  magnetic  azimuth  at  that  time  being  S. 
58«  32'  W.  and  the  height  of  the  eye  18  feet;  re- 
quired the  variation  of  the  compass. 

Sun's  de.  Nov.  2,  at  n.  14o  48'  S.  Obs.  alt.  Sun's  lower  limb  35©  68' 
Corr.  for  long*  75o  W.  +  4  Semidiameter  16'  7  ,  - « 
Co.forti.4h.  lOTi-af.n. -f     3         Dip  -  4  3     "*"    ^^ 


Reduced  declination 

14  55 

90  00 

Refraction 

True  altitude 

Secant  001662 
Secant  0-04463 

Co.  sine  9.46345 
Co.  sine  9.929  29 

19.45399 
-        Sine       9-72699 

,  because  the  true  azimuth  i 

15  48 
3 

Polar  distance 

Altitude 

Latitude 

104  55 
15  45 
25  32 

15  45 

Sum 
Half 
Remainder 

146  12 
73    6 

31  49 

32  14 

2 

True  azimuth  S- 
Mag.  azimuth   S- 

Variation 
right  of  the  magnetic- 

64  28  W. 
58  32  W. 

5  56  east 

s  to  the 
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"^Ffe  draw  a  true  meridian  line  to  a  mafiy  having  the  variation  and 
magnetical  meridian  given. 

On  any  magnetical  meridian  or  parallel,  upon  which  the  map  is 
protracted,  set  off  an  angle  from  the  north  towards  the  east,  equal  to 
the  degrees  or  quantity  of  variation,  if  it  be  westerly,  or  fron)  the 
north  towards  the  west,  if  it  be  easterly,  and  the  line  which  consti- 
tutes such  an  angle  with  tlie  magnetical  meridian,  will  be  a  true 
meridian  line. 

For  if  the  variation  be  westerly,  the  magnetical  m.eridian  will  be 
the  quantity  of  variation  of  the  west  side  of  the  true  meridian,  but 
if  easterly,  on  the  east  side;  therefore  the  true  meridian  must  be  a 
like  quantity  on  the  east  side  of  the  magnetical  one,  when  the  vari- 
ation is  westerly,  and  on  the  west  side  when  it  is  easterly. 

To  lay  out  a  true  meridian  line  by  the  circumferentor. 

If  the  variation  be  westerly,  turn  the  box  about  till  the  north  of  the 
needle  points  as  many  degrees  from  the  flower-de-luce  towards  the 
east  of  the  box,  or  till  the  south  of  the  needle  points  the  like  number 
of  degrees  from  the  south  towards  the  we§t>  as  are  the  number  of 
degrees  contained  in  the  variation,  and  the  index  will  be  then  due 
north  and  south  :  therefore  if  a  line  be  struck  out  in  the  direction 
thereof,  it  will  be  a  true  meridian  line- 

If  the  variation  was  easterly,  let  the  north  of  the  needle  point  as 
many  degrees  from  the  flower-de-luce  towards  the  west  of  the  box, 
or  let  the  south  of  the  needle  point  as  many  degrees  towards  the 
east,  as  are  the  number  of  degrees  contained  in  the  variation,  and 
then  the  north  and  south  of  the  box  will  coincide  with  the  north  and 
south  points  of  the  horizon,  and  consequently  a  line  being  laid  out  by 
the  direction  of  the  index,  will  be  a  true  meridian  line. 

This  will  be  found  to  be  very  useful  in  setting  an  horizontal  dial, 
for  if  you  lay  the  edge  of  the  index  by  the  base  of  the  stile  of  the 
dial,  and  keep  the  angular  point  of  the  stile  toward  the  south  of  the 
box,  and  allow  the  variation  as  before,  the  dial  will  then  be  due  north 
and  south,  and  in  its  proper  situation,  provided  the  plane  upoa 
■which  it  is  fixed  be  duly  horizontal,  and  the  sun  be  south  at  noon  ; 
but  in  places  where  it  is  north  at  noon,  the  angular  point  of  the  in- 
dex must  be  turned  to  the  north. 

~,      HoTu  mafis  may  be  traced  by  the  help,  of  a  true  meridian  line. 

If  all  maps  had  a  true  meridian  line  laid  out  upon  them,  it  would 
be  easy  by  producing  it,  and  drawing  parallels,  to  make  out  field- 
notcs  ;  and  by  knowing  the  variation,  and  allowing  it  upon  every 
bearing,  and  having  the  distances,  you  would  have  notes  sufficient 
for  a  trace.  But  a  true  meridian  line  is  seldom  to  be  met  with,  there- 
fore we  are  obliged  to  have  recourse  to  the  foregoing  method.  It  is 
therefore  advised  to  lay  out  a  true  meridian  line  upon  eyery  map. 

To  find  the  difference  between  the  present  variation^  and  that  at 
a  time  when  a  tract  was  formerly  survey  ed^  in  order  to  trace  or  run 
out  the  original  lines. 

If  the  old  variation  be  specified  in  the  map  or  writings,  and  the  pre- 
^nt  be  known,  by  calculation  or  otherwise,  then  the  difference  isim- 
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mediately  seen  by  inspection  ;  but  as  it  more  frequently  happens,^ 
that  neither  is  certainly  known,  and  as  the  variation  of  different  in- 
struments is  not  always  aUke  at  the  same  time,  the  following  prac- 
tical method  will  be  found  to  answer  every  purpose. 

Go  to  any  part  of  the  premises  where  any  two  adjacent  corners 
are  known  ;  and,  if  one  can  be  seen  from  the  other,  take  their  bear- 
ing ;  which,  compared  with  that  of  the  same  line  in  the  former  sur- 
vey, shows  the  difference-  But  if  trees,  hills,  8cc.  obstruct  the  view 
of  tlie  object,  run  the  line  according  to  the  given  bearing,  and  ob- 
serve the  nearest  distance  between  the  line  so  run  and  the  con\er. 
Ihen, 

As  the  length  of  the  whole  line 

Is  to  57.3  degrees,* 

So  is  the  said  distance 

To  the  difference  of  variation  required- 

EXAMPLE. 

Suppose  it  be  required  to  run  a  line  which  some  years  ago  bore 
NE.  45**,  distance  SO  perches,  and  in  running  this  line  by  the  given 
bearing,  the  corner  is  found  20  links  to  the  left  hand ;  what  allow- 
ance must  be  made  on  each  bearing  to  trace  the  old  lines,  and  what 
is  the  present  bearing  of  this  particular  line  by  the  compass  ? 


p. 

As  80 

25 

Deg.           L. 
:     57.3  :   :   20- 
20 

21000 

1146.0(0''.  34' 
60 

2)681760.0 

Answer,  34  minutes,  or  a  little  better  than  half  a  degree  to  tlifi 
left  hand,  is  the  allowance  required,  and  the  line  in  question  bears 
N.  440  26'.  E. 

J\/'ote.  The  different  variations  do  not  affect  the  area  in  the  calcu- 
lation, as  they  are  similar  in  every  part  of  the  survey- 

*  57.3  Is  the  radius  of  a  circle  (nearly)  in  such  parts  as  the  cir- 
cumference contains  360. 
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TABLE  I. 


LOGARITHMS  OF  NUMBERS. 


EXFLANATIOK* 


LiOGARITHMS  are  a  series  of  numbers  so  contrived,  that  the  sum 
f  the  Logarithms  of  any  two  numbers,  is  the  logarithm  of  the  product 
f  these  numbers.  Hence  it  is  inferred,  that  if  a  rank,  or  series  of 
umbers  in  arithmetical  progression,  be  adapted  to  a  series  of  numbers 
1  geometrical  progression,  any  term  in  the  arithmetical  progression 
ill  be  the  logarithm  of  the  corresponding  term  in  the  geometrical 
regression. 

This  table  contains  the  common  logarithms  of  all  the  natural  num- 
ersfromOto  10000,  calculated  to  six  decimal  places  ;  such,  on  ac- 
ount  of  their  superior  accuracy,  being  preferable  to  those,  that  are 
3mputed  only  to  five  places  of  decimals. 

In  this  form,  the  logarithm  of  1  is  0,  of  10,  1 ;  of  100,  2  ;  of  1000,  3 
c.  Whence  the  logarithm  of  any  term  between  I  and  10,  being 
reater  than  0,  but  less  than  I,  is  a  proper  fraction,  and  is  expressed 
Bcimally.  The  logarithm  of  each  term  between  10  and  100,  is  1,  with 
decimal  fraction  annexed  ;  the  logarithm  of  each  term  between  100 
id  1000  is  2,  with  a  decimal  annexed,  and  so  on.  The  integral  part  of 
le  logarithm  is  called  the  Index,  and  the  other  the  decimal  part. — 
xceptin  the  first  hundred  logarithms  of  this  Table,  the  Indexes  are 
})t  printed,  being  so  readily  supplied  by  the  operator  from  this  gene- 
;lil  rule  ;  the  Index  of  a  Logarithm  is  always  one  less  than  the  number 
fjigures  contained  in  its  corresfionding  natural  number — exclusive  of 
{'actions^  luhen  there  are  any  in  that  number, 

I  The  Index  of  the  logarithm  of  a  number,  consisting  in  whole,  or  m 
irts,  of  integers,  is  affirmative  ;  but  when  the  value  of  a  number  is 
ss  than  unity,  or  1,  the  index  is  negative,  and  is  usually  marked  by  the 
|g")  — >  placed  either  before,  or  above  the  index.-  If  the  first  signi- 
|:ant  figure  of  the  decimal  fraction  be  adjacent  to  the  decimal  point, 
!e  index  is  1, —  or  its  arithmetical  complement  9  ;  if  there  is  one 
pher  between  the  decimal  point  and  the  first  significant  figure  in  the 
ximal,  the  index  is . —  2,  or  its  arith.  comp.  8  ;  if  two  ciphers,  the  m- 
;x  is  — 3,  or  7,  and  so  on  ;  but  the  arithmetical  complements,  9,  8, 
kc.  are  rather  more  conveniently  used  in  trigonometrical  calculations. 
i  A 
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Th6  decimal  parts  of  the  logarithms  of  numbers,  consisting  of  i : 
same  figures,  are  the  same,  whether  the  number  be  integral,  fractioi 
or  minted  :  thus, 

'23450  r4. 370143 

2345.0  I  3.370143 

234.50  2.370143 

23.450  ^,      T^     J  1.370143 

2.3450  t^^^°^-<!  0.370143 

2.3450  1.370143  r9.370143 

.02345  2.370143  or-J  8.37014S 

.002345  3.370143  I  7.370143 


of  the  natural 
number 


< 


N.  B.  The  arithmetical  complement  of  the  logarithm  of  any  numbs^ 
is  found  by  subtracting  the  given  logarithm  from  that  of  the  radius,  ^ 
by  subtracting  each  of  its  figures  from  9,  except  the  last,  or  right-ha 
figure,  which  is  to  be  taken  from  10.     The   arithmetical   complem< 
of  an  index  is  found  by  subtracting  it  from  10. 


PROBLEM  L 

Tojlnd  the  logarithm  of  any  given  number. 

|IUI,ES, 

1.  If  the  number  is  under  100,  its  logarithm  is  found  in  the  first  pa 
of  the  table,  immediately  opposite  thereto. 

Thus  the  Log.  of  53,  is  1.724276. 

2.  If  the  number  consists  of  three  figures,  find  it  in  the  first  colur 
of  the  following  part  of  thp  table,  opposite  to  which,  and  under  0,  is 
logarithm. 

Thus  the  Log,  of  384  is  2.584331 — prefixing  the  index  2,  becau 
the  natural  number  contains  3  figures. 

Again  the  log.  of  65.7  is  1.817565 — prefixing  the  index  1,  becau 
there  are  two  figures  only  in  the  integral  part  of  the  given  number. 

3.  If  the  given  number  contains  four  figures,  the  three  first  are  to 
found,  as  before,  in  the  side  column,  and  under  the  fourth  at  the  top 
the  table  is  the  logarithm  required. 

Thus  the  log.ot  8735  is  3.941263--for  against  873,  the  three  fi; 
figures  found  in  the  left  side  column,  and  under  5,  the  fourth  figu 
found  at  the  top,  stands  the  decimal  part  of  the  logarithm,  viz  .9412( 
to  which  prefixing  the  index,  3,  because  there  are  fdur  figures  in  t 
natural  number,  the  proper  logarithm  is  obtained. 

Again  the  logarithm  of  37.68  is  1.5761 1 1 — H^re  the  decimal  part 
the  logarithm  is  found,  as  before,  for  the  four  figures  ;  but  the  ind 
is  1,  because  there  are  two  integral  places  only  in  the  natural  numb* 

4.  If  the  given  number  exceeds  four  figures,  find  the  difference  bl 
tween  the  logarithms  answering  to  the  first  four  figures  of  the   givl 
number,  and  the  next  following  logarithm  ;  multiply  this  diff'erence 
the  remaining  figures  in  the  given  number,  point  off  as  many   figur] 
Jo  the  ri^ht-hand  as  there  are  in  the  multiplier,  and  the  remainder,  adj 
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^  to  the  logarithm,  answering  to  the  first  four  figures,  will  be  the  tt- 

lived  logarithm,  nearly. 

Thus  ;  to  find  the  logarithm  of  738582  ; 

e  log.  of  the  first  four  figures,  viz.  7385       .868350 

e  next  greater  logarithm  =868409 

Dif.     ==  59 

be  multiplied  by  the  remaining  figures        =  82 


118 

472 


48|38 
then  to  .868350 
add  48 


sum   5.868398,  with  the  proper  index  prefixed,  is  the  required 
jarithm. 

%  The  logarithm  of  a  vulgar-fraction  is  found  by  subtracting  the 
jarithm  of  the  denominator  from  that  of  the  numerator  ;  and  that  of 
aixed  quantity  is  found  by  reducing  it  to  an  improper  fraction,  aad 
jeeeding  as  before. 
Thus  to  find  the  Logarithm  of  f ; 

from  the  log.  of  7  ==  0.845098 
iubtractthe  log.  of  8  =  0.903090 


Remainder  =  9.942008  —  the  required  log. 
PROBLEM  IL 

>CoJind  the  number  answering  to  any  given  logarithm^ 
Rules, 

.  Find  the  next  less  logarithm  to  that  given  in  the  column  marked 
t  the  top,  and  continue  the  sight  along  that  horizontal  line,  and  a 
irithm  the  same  as  that  given,  or  very  near  it,  will  be  found  ;  then 
three  first  figures  of  the  corresponding  natural  number  will  be  found 
osite  thereto  in  the  side  column,  and  the  fourth  figure  immediately 
^e  it,  at  the  top  of  the  page.  If  the  index  of  the  given  logarithm  is 
be  four  figures  thus  found  are  integers ;  if  the  index  is  2,  the  threfe 
%  figures  are  integers,  and  the  fourth  is  a  decimal,  and  so  on. 
hus  the  log.  3.132580  gives  the  Nat.  Numb.  1357 
2.132580    gives  135.7 

1.132580    gives  13.57 

0.132580    gives  1,357 

9,132580    gives  .1357  &c. 

.  If  the  given  logarithm  cannot  be  exactly  found  in  the  table,  and  if 
*e  than  four  figures  be  wanted  in  the  corresponding  natural  num^ 
;  then  find  the  difference  between  the  given  and  the  next  less  loga* 
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rithms,  to  which  annex  as  many  ciphers  as  there  are  figures  require; 
above  four  in  the  natural  number;  which  divide  by  the  difference  br 
tween  the  next  less,  and  next  greater  logarithms,  and  the  quotient  ai 
nexed  to  the  four  figures  formerly  found,  will  give  the  required  natur; 
number. 

Thus  to  find  the  natural  number  of  the  log.  4.828991 ; 
the  next  less  log.  is  .828982  which  gives  6735  ; 
the  next  greater  log.  is  829046 

Dif.  =         64 
next  less  log.  =  828982 
given  log.       =828991 

Dif.  with  one  ©annexed  =  90 
then  64)  90  (1.4 
64 

260 
256 


therefore  1.4  being  annexed  to  6735,  the  required  naturtU  numbc 
6735 1.4,  is  now  obtained. 


TABLE  I. 


LO&ARITHMS   OF   NUMBERS. 


No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 
8, 

Lo  1 

1 

0.000000 

21 

1. 322219 

4» 

J. 612784 

61 

1.785330 

,.908485 

2 

0.301030 

22 

1.342423 

42 

1.623249 

62 

1.792392 

82 

1.9,3814 

3 

0.477 121 

23 

I.36I728 

43 

1.633468 

63 

1.799341 

83 

1.9,9078 

4 

C.602060 

24 

I.3802II 

44 

1-643453 

64 

i.8o6r8o 

84 

1.924279 

5 

0.698970 

25 

1.397940 

45 

1.653213 

65 

1.812913 

85 

,.929419 

6 

0.778151 

26 

1.414973 

46 

1.662758 

66 

1.819544 

86 

,.934498 

7 

0.845098 

^^ 

1-431364 

47 

1.672098 

67 

1.826075 

87 

«.9395'9 

X 

0.903090 

28 

I.447I58 

48 

1.681241 

68 

1.832509 

88 

1.944483 

9 

0.954243 

29 

1.462398 

49 

1.690196 

69 

,.838849 

«9 

1.94939c 

lO 

1. 000000 

30 
31 

I.477I2I 
1.491362 

50 
5« 

1.698970 

70 

1.845098 

90 
91 

t.954243 
,.959041 

II 

'•04'393 

1.707570 

71 

1.85,258 

IZ 

1.079181 

32 

1. 505150 

5^ 

1.716003 

l^ 

i-85733» 

92 

,.963788 

'3 

1.113943 

33 

1. 518514 

53 

1.724276 

73 

1.863323 

93 

1.968483 

M 

1.146128 

34 

1-531479 

54 

1.732394 

74 

I  869232 

94 

1.973148 

'5  '  1. 176091 

35 

T.  544068 

'55 

1.740363 

75 

1.87506, 

95 

, .977744 
,.982271 

i6   1.204120 

36 

1.556302 

S6 

,.748188 

76 

1.880814 

96 

17   1.230449 

37 

1.568202 

17 

1-755875 

77 

1. 88649 1 

97 

1.986772 

i8  •  1.255273 

38 

1.579784 

58 

1.763428 

78 

,.892095 

98 

,.991226 

19  i  1.278754 

39 

1. 591065 

59 

1.770852 

79 

1.897627 

99 

1-995635 

20 

1.301030  '  40 

1. 602060 

60 

1.778151  «  80 

,.903090 

100 

2.000000 
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No. 

lOO 
lOI 

loa 
103 
104 
los 
106 
107 
108 
109 

no 
III 

112 

114 

115 
ire 
117 
118 
119 


000000 1 000434 
0043 21 1 0047 5 1 
0086001009206 
012837  013259 

oi7033'oi745i 
021 189  021603 
0253o6'0257i5 
029384,02978^ 
033424.033826 
037426  037825 


120 
121 
122 

123 
124 

125 
126 
127 
128 
129 

130 

132 
^33 
134 
135 
136 

137 
138 
139 


140 
141 
142 

143 
144 

145 

146 

147 
148 

^49 

150" 

151 
152 

153 
154 
IS5 
156 

157 

158 

159 


041393 
045323 
049218 
053078 
056905 
060698 
064458 
068186 
071882 
075547 


0   ,   1 


079181 

082785 

086360 

089905 

093422 

096910 

00370 

03804 

07210 

10590 

^3943 

17271 
20574 
23852 
27105 
30334 
33539 
36721 

39879 
439«5 


46128 

1-492 » 9 
52288 

55336 
58362 
61368 
64353 
67317 
70262 
73186 


76091 
78977 
81844 
84691 
87521 
90332 

931^5 

95900 

98657 

201^97 

0 


ooo868;OOi30i 
005180  005609 
009451^009876 
013680JO14100 
017868:018284 
022016J022428 
026124JO26533 
030195J030600 
034227  03462S 
038223 


8 


041787 
045714 
049606 

053463 

057286' 
061075; 
064832' 
068557I 
072250; 
0759^1 

079543; 
083144; 
086716! 
090258; 

093772' 
097257 
100715 
104146 
107549 
110926 


042182 
046 105 


001734  002166  002598, 
006038  006466  006894 j 
010300  010724  011147: 
014520  014940  015360' 
018700  019116:0195321 

022841  023252'023664' 

026942  02735o;o27757 
0310041031408  031812 
035029  035430:035830 


003029 
007321 
011570 


038620 

042575 
04649  5 
0499931050380 
053846  054230 
0576661058046 
0614521061829 
0652061065580 
068928I069298 


07261 
076276 


114277 
H7603 
120903 
124178 
127429 
130655 
133858 
^■37037 
140 1 94 

143327 


146438 
149527 
152594 
155640 
158664 
161667 
164650 
167613 
170555 
173478 


176381 
179264 
182129 
184975 
187803 
190612 
193403 
196176 
198932 
201670 


079904 
083503 
087071 
09061 1 
094122 
097604 
101059 
104487 
107888 
111262 


1146 1 1 
117934 
121231 

124504 
127752 
130977 
134177 
137354 
140508 

143639 

146748 

149835 
152900 

155943 
158965 
161967 
164^7 
167908 
170848 
173769 


176670 
179552 
182415 
185259 
188084 
190892 
193681 
196452 
199206 
201943 


072985 
076640 


080266 
083861 
087426 
090963 

09447 1 
097951 
101403 
104828 
108227 
1 1 1598 


114944 
118265 
121560 
124830 
128076 
131298 
134496 
137670 
140822 
14395J 


147058 
1 50142 
153205 
156246 
159266 
162266 
165244 
168203 
171141 
174060 
176959 

«79839 
182700 
185542 
188366 
191171 

193959 
196729 
199481 
202216 


039017 
042969 
046885 
050766 
054613 
058426 
062206 
065953 
069668 
073352 
077004 

080626 
084219 
087781 
;09I3I5 
J094820 
•098297 
101747 
105169 
108565 
»^t934 
115278 
118595 
121888 
125156 
128399 
131619 
134814 

137987 
141136 
144263 
147367 
150449 
153510 
156549 

*59567 
162564 
165541 
168497 
171434 
i7435« 


0394141039811 


0433621043755 
047275.047664 
G51152I051538 
054996,055378 
0588051059185 
0625821062958 
o66326''o66699 
07003 8 I 070407 
073718^074085 
077368107773^ 
080987:081347 
084576:084934 
0881361088490 


091667 
095169 
O98644 
102090 
•05510 
108903 
112270 


177248 
180126 
182985 
185825 
188647 
191451 
194237 
197005 

'99755 
-so  248  8 


115610 
118926 
122216 
125481 
128722 
131939 
135133 
138303 
141450 
144574 
147676 
150756 

153815 
156852 
159868 
162863 
165838 
168792 
171726 
174641 


177536 
180413 
183270 
186108 
188928 
191730 
194514 
T97281 
200029 
202761 


092018 
095518 
098990 
102434 
1O5851 
109241 
1 12605 


1 1 5943 
119256 

•22543 
125806 
129045 
132260 

» 3 5451 
138618 

141763 

144885 


147985 
151063 
154119 

1571S4 
16016S 
163161 
166134 
169086 
172019 
»74932 


177825 
180699 

183554 
186391 
I 89209 
192010 
194792 
197556 
200303 
203033 


003891 
008174 
012415 
0166-5 

020775 
024896 
028970 
033021 


003460 

007748 

011993 
015779  016197 
0199471020361 
024075  024486 
0281641028571 
032216J032619 
036229!036629  037028 
040207  040602,040998 

044  5  40 1 0449  31 
048442I04S830 
0523091052694 
056142I056524 
O59942J060320 
063709.0O4083 
067443  J067814 


044148 
048053 
051924 
055760 
059563 
06333.^ 
067071 
070776 
074451 
078094 


081707 
085291 
088845 
09237c 
095866 

099535 

102777 
106191 
109578 
112940 

116276 
119586 
122871 
126131 
12936S 
13258c 
135768 

138934 

142076 
145196 


148294 

151370 
154424 

15745/ 
160468 
163460 
166430 
169380 
172311 
175222 


178113 
180986 
183839 
186674 
189490 
192289 
195069 
197832 
200577 
203305 


071145 
074816 
078457 
082067 
085647 
089198 
09272J 
09621 5 
099681 
103119 
106531 
109916 
1^3275 
116608 
119915 
123198 
126456 
129690 
1329CO 
•36086 
139249 
142389 
145507 


148603 
i5i6-'6 
154728 

157759 
160769 

'63757 
166726 
169674 
172603 
175512 


178401 
181272 
184123 
186956 
189771 
192567 
195346 
198107 
200850 
203577 
8 


071514 
075182 
078819 

082426 
086004 
089552 
09307 1 
096562 
100026 
103462 
106870 
110233 
113609 

1 16940 

120^45 

123525 

1267 

130012 

133219 

136403 

139564 
142702 
145818 


1489 

151982 

155032 

15806X 

i6ic68 

164055 

l6;022 
169968 
.728^5 
'75802 
178689 
181558 
184407 
•87239 
19005  I 
192846 
195623 
198382 
201 1 24 
ZO3S48 
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No. 

1 60 
i6i 
162 
163 
164 
165 
166 
.  167 
168 
169 
170 

J71 

172 

173 
174 
175 
I7f> 
177 
178 
179 


180 
181 
182 
183 
184 
185 
186 
187 
i88 
189 


190 

I9£ 

192 

193 

194 

>95 
196 
197 
198 
199 


200 
201 
202 
203 
204 
205 
206 
207 

2Q8 

209 

210 
211 
212 

V.3 
214 
215 
216 
217 
218 
219 


0 


2041 20 
206826 
209515 
212188 
214844 
217484 
22«I08 
222716 
225309 
227887 


204391 
207095 
209783 
212454 
2151O9 

2J7747 
220370 
222976 
225568 
228144 

230704 
233250 


230449 

232996 

2355281235781 

238046^238297 

240549  240799 

243038I243286 

2455131245759 
2479731248219 
250420  250664 
2528531253096 

2552731255514 
2576791257918 
260071 '12603 10 
2624511262688 
264818J265054 
2671721267406 
269513  269746 
2718421272074 
274158J274389 
276462  276691 


278754  278982 
28i033J28i26r 
283301I283527 
285557  285782 


287802 
290035 
292256 


288025 

290257 
292478 


294466J294687 
296665 {296884 
298853J299071 


3010301301247 
303196  303412 
305351305566 
307496,307710 


309630 

311754 
313867 
315970 
318063 
320146 


322219 
324282 
326336 
328380 
330414 
332438 
334454 
336460 

^38456 

340444 


309843 
311966 
314078 
316180 
318272 
320354 

322426 
324488 
326541 
328583 
330617 
332640 

334655 
336660 
338656 

340642 

i 


204662 
207365 
210051 
212720 

215373 
218010 
220631 
223236 
225826 
228400 

230960 

233504 
236033 
238548 
241048 

243534 
246006 
248464 
250908 
253338 

255755 
258158 
260548 
262925 
265290 
267641 
269980 
272306 
274620 
276921 


279210 
281488 

283753 
286007 
288249 
290480 
292699 

294907 
297104 
299289 


301464 
303628 
305781 

307924 
310056 
312177 
314289 
316390 
318481 
320562 


322633 
324694 
326745 
328787 
330819 
332842 
334856 
336860 
338855 
340841 

~2~ 


204933 
207634 
210318 
212986 
215638 
218273 
220892 
223496 
226084 
228657 

231215 

233757 
236285 
238799 
241297 
243782 
246252 
248709 
25 1 15 1 
253580 

255996 
258398 
260787 
263162 
265525 
267875 
270213 

272538 
274850 
277151 


279439 
2817,5 

283979 
286232 
288473 
290702 
292920 
295127 
297323 
299507 
301681 
303844 
305996 
308137 
310268 
312389 
314499 
316599 
3186S9 
320769 

322839 
324899 
326950 
328991 
331022 
333044 
335056 
337060 
339054 
341039 


205204 
207903 
210586 
213252 
215902 
218535 
221153 

223755 
226342 
228913 


231470 
23401 1 

236537 
239049 
241546 
244030 
246499 
248954 
231395 
253822 


256236 
258637 
261025 

263399 
265761 
268110 

270446 
272770 
275081 
277380 


205475 
208172 
210853 
213518 
216166 
218798 
221414 
224015 
226600 
229170 


205745 
208441 
2 1 1 1 20 

213783 
216430 
219060 
221675 
224274 
226858 
229426 


231724 
234264 
236789 

239299 
241795 

244277 
246745 
249198 

251&38 
254064 


256477 
258877 
261263 
263636 
265996 
268344 
270679 
273001 

2753" 
277609 

279895 
282169 
28443 1 


279667 

281942 

284205 

2864561286681 

288696  288920 

290925  291147 

293141J293363 

2953471295567 
297542)297761 
2997251299943 


3018981302114 
304059:304275 
306211(306425 
3083511308564 
310481 13,10693 
3126001312812 
3147101314920 
316809. 317018 
3i8898'3i9io6 
320977;32ii84 


323046  323252 
325105:325310 

327155,327359 
3291941329398 
331225:331427 
333246 !333447 
335257-335458 
3372601337459 

339253:33945 
3412371341435 

4   i   5 


231979 
234517 
237041 
239550 
242044 
244524 
246991 

249443 
251881 
254306 


256718 
259116 
261501 
263873 
266232 
268578 
270912 
273233 
275542 
277838 

280123 
282395 
284656 
2&6905 
Z89143 
29(369 

293583 
295787 
297979 
3ooi6i 


302331 
304491 
306639 
308778 
310906 
313023 
315130 

317227 
^19314 

3Z1391 


323458 
325516 

327563 
329601 
33163c 
333649 
335658 
337659 
339650 
341632 


206016 
208710 
211388 
214049 
216694 
219322 
221936 

224533 
227115 
229682 


232233 
234770 
237292 
239800 
242293 
244772 
247236 
249687 
252125 
254548 


256958 

25935s 
261738 
264109 
266467 
268812 
271144 
273464 
275772 
278067 


280351 


291591 


206286  206556 
208978  209247 
211654  211921 
214314  214579 
216957  217221 
219584  219846 


222196 
224792 
227372 
229938 


232488 
235023 

237544 
240050 
242541 
245019 
247482 
249932 
252367 
254790 


257198 
259594 
261976 
264345 
266702 
269046 

271377 
273696 
276002 
278246 


280578 


280806 
283075 
285332 
287578 
289812 
292034 
^^4246 
- ,  .    296446 

298198I298416  298635 

300378 


282622  282849 
284882  285107 
287130  287354 
289366  289589 


291813 


2938041294025 
296007J296226 


222456 
225051 
227630 
23C193 


232742 
235276 

237795 
240300 
242790 
245266 
247728 
250176 
252610 
255031 


257439 
259833 
262214 
264582 
266937 
269279 
271609 
273927 
276232 
278525 


30059.5  300813 
302547  302764  302980 
304706  304921  305136 
306854  307068(307282 
308991  309204  309417 
11118  311330  311542 
3t3234  313445  313656 
315340  315550  315760 
317436,317645  317854 
31952213197301319938 
321 598^  21 805 '32201 2 

323665  3238711324077 
325721, 325y26j326j3i 
327767:3279721328176 
329805 J330008  330211 
3318321332034  332236 

33385OJ334051  334253 
335859^336059  336260 
3378581338058(338257 
3398491340047 1340246 
34183013420281342225 

7   1   8~~i   9~' 


LOGARITHMS  OF  NUMBERS. 


No. 


220 
221 

222 
223 
224 
225 
226 
227 
228 
229 

230 

232 

235 
236 

237 
238 

239 


0 


342423 
344392 
346353 
348305 
350248 
352182 
354108 

356026 
357935 

361728 
^63612 
165488 
367356 
3>92i6 
371C68 
37^12 
374'48 
376577 
3783)8 


240 
241 
242 
243 
244 
245 
246 
247 
248 

250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 


3802x1 
38201* 
3838 


342620 
344589 
346549 
348500 
350442 
352375 
354301 
356217 
358125 
360025 

361917 
363800 
365675 
367542 
369401 
371253 
373096 
374932 
376759 
378580 


380392 

382197 

3383995 


385606385785 
387390387568 


389166 

390935 
392697 

394452 
396199 


397940 
399674 

401400 
403120 

404834 
406540 
408240 
409933 


342817 
344785 
346744 
348694 
350636 
352568 

354493 
356408 
358316 
360215 


343014  343212 
344981  345178 
346939  347 »35 
348889  349083 
350829  351023 
352761  352954 
354685  354876 


-562105 
363988 
365862 
367729 
369587 
371437 
373280 

375"5 
376942 
378761 


:89343 
3^1112 

352873 
394627 
396374 


398114 
399847 
401573 
403292 
405005 
406710 
408410 
410102 


411620  411788 
413300  413467 


414973  415140 
4166401416807 
418301  418467 
419956  420121 
4^i6o4i42i768 
423246J423410 
424:^82  425045 
426511  426674 
4281351428297 
4297511429914 


270 
271 

272 

273 
274 
275 
276 

277 
278 

279 


401745 


356599 
358506 
360404 


362294 
364176 
366049 

367915 

369772 
371622 
373464 
375298 
377124 
378943 


380573 

382377 

384174 

385964 

387746 

380520 

391288 

393'34S 

394°02 

396548 

3982I7  39846 

4000:0  400192 


380754 
382557 
384353 
386142 

387923 
389697 
391464 
.393224 

394977 
396722 


401917 


40346^403635 

40517 

40688 


:  405346 

1407051 
408579I408749 
41027 1 410440 
41195^1412124  . 
41363 5I4 1 3 802  413970 

415307 
41^973 
418633 
420286 

421933 


415474  415^4* 
417139  417306 
418798  418964 


431364,431525 
432969x33129 
434569414728 
436163  430322 


437751 
439333 
440909 
442480 
444045 
445604 


4ir7909 
439491 
441060 
442636' 
444201 
445760 


0 


423573 
425208 
426836 
42S459 
43007^ 

43I685 
433290 
434888 
436481 
438067 
439648 
441224 
442793 
444357 
445915 
2 


42045 
4Z209 

41373 
42537 


43504 


356790 
358696 
360593 


362482 
364363 
366236 
368101 
369958 
371806 
373647 
375481 
377306 
379124 
380934 
382737 
384533 
386321 
388101 
389875 
391641 
393400 
395152 
396896 

398634 
400365 
402089 
403807 

405517 
407221 
408918 
4 10608 
412292 


420616 
7  422261 

423901 
I  4^5534 


426999  427161 
42862X  428782 
4.30236  430398 
431 8.6  432007 
43345^433610 


435207 


436640436798 


438226 
439806 
441381 
442950 
444513 
446071 
3 


438384 
•'•39964 
4^1538 
4^_3io6 
44:1669 
44C226 


343409 
345374 
347330 
349278 
351216 
353147 
355068 
356981 
358886 
360783 


362671 

364551 
366423 
3682S7 
370143 
371991 
373831 
375664 
377488 
379306 

381115 

382917 
384712 
386499 
388279 
390051 
391817 

393575 
395326 
397070 
398808 
400538 
402261 
403978 
405688 

407391 
409087 

410777 
412460 

414137 


41 


;8o8 


417472 
419129 
420781 
422426 
424064 
425697 
427324 
428944 
430559 


432167 
433770 
435366 

436957 
438542 
440122 
441605 
443263 
444825 
446382 


343606 
345370 
347525 
349472 
351410 
353339 
355260 
357172 
359076 
360972 


362859 

364739 
366610 

368473 
370328 
372175 
374015 
375846 
377670 
jr79487 


381296 
383097 
384891 
386677 
388456 
390228 
391993 
393751 
395501 
397245 
398981 
4007 1 1 
402433 

404149 
405858 
407561 
409257 
410946 
41262S 
414305 


343802 
345766 
347720 
349666 
35'6o3 
353532 
355452 


8 


343999 
345962 

347915 
349860 

351796 
353724 
355643 


3573631357554 


359266 
161 


36 

363048 
364926 
366796 
368659 

370513 
372360 

374198 
376029 
377852 
379668 

38TT76 
383277 
385070 
386856 
388634 
390405 


393926 
395676 
397418 


399154 

400883 


359456 
361350 


363236 
365113 
366983 
368844 
370698 

372544 
374382 
376212 
378034 
379849 
381656 
383456 
385249 
387034 
388811 
390582 
392169  392345 


394101 
395850 
397592 


399327 
401056 


402605  402777 

404320 

406029 

407731 


415974 
417638 
419295 
420945 
422590 
424228 
42586OJ 
427486 
429106 
430720 
432328 
433930 
435526 
437116 
438700 

440279 
441852 

443419 

444981 

446537 


409426 

41JI14 

412796 
414472 
416141 


344196 

346157 
348 1 10 
350054 
351989 
353916 
355834 
357744 
359646 
361539 


363424 
365301 
367169 
369030 
370883 
372728 
374565 
376394 
378216 
380030 


381837 
383636 
385428 
387212 
3S8989 

390759 
392521 

394277 
396025 
397766 

399501 
401228 
402949 
404663 
406370 


414639 
416308 

417804  417970 


419460 
421110 

422754 
424392 
426023 
427648 
429268 
430881 

43^88 
434090 
435685 

437275 
438S59 

440437 
442009 


404492 
406199 

4079001408070 

409595 I409764 
4112831411451 
412964 


419625 
421275 
422918 

424555 
426186 
427811 
429429 
431042 


432649 
434249 
435844 
437433 
439017 
440594 
442166 
443576'443732 
445^37445293 
446692  446848 


LOGARITHMS  OF  NUMBERS, 


No. 

~280 

i8. 
z%t 
Z83 
284 
285 
286 
287 
288 
289 

290 
291 
292 

293 
294 

295 
296 
297 
298 
299 


300 
301 
302 
303 
304 
305 
306 
307 
308 
309 


310 

3" 
312 

Z^l 
3H 
315 
316 

317 
318 

3'9 


320 
321 
322 
323 
3M 
325 
326 

327 
328 
329 


330 
331 

2^^ 
333 
334 

336 
337 
33S 
339 


447 1 s« 
448706 
450249 
451786 
4533i8 
454845 
456366 
457882 
4^9392 
460898 


462398 
463893 
465383 
466868 
468347 
469822 
471292 
472756 
474216 
475671 


0 


I 

447313 
448861 
45040; 
451940 
453471 
454997 
4565<« 
458033 
459543 
461048 


477121 
478566 
480007 
481443 
482874 
4843*00 
J.85721 
487138 
488551 
489958 


491362 
492760 
494155 
495544 
496930 
4983 1 1 
499687 
501059 
502427 
50379[ 
505150 
506505 
507856 
509202 

510545 
511883 
513218 
514548 

515874 
517196 


5185-14 
519828 
521138 
522444 
523746 
525045 
526339 
527630 
28917 


462548 
464042 
465532 
467016 

468495 
469969 

471438 
472903 
474362 
4758^6 

477266 

4787 

48015 1 

481586 

483016 

484442 

485863 

487280 

488692 

490099 

491502 

492900 

494294 
495683 
497068 
498448 
499824 
501 196 
502564 
503927 
505286 
506640 
507991 
509337 
510679 
512017 

5'335» 
514680 
516006 
517328 


44746^ 
449015 
450557 
452093 
453624 
455'49 
456670 
458184 
459694 
46 II 98 

462697 
464191 
465680 
467164 
468643 
4701 16 
471585 
473049 
474508 
475962 

477411 
478855 
480294 


447623 
449170 

45J07i> 
452247 

453777 
455302 
456821 
458336 
459845 
461348 
462847 
464340 
465829 
467312 
468790 
470263 
471732 
473^95 
474653 
476107 


518645 

519959 
521269 

522575 
523876 

525174 
526468 

527759 
529045 


5302001530^28 


477555 
478999 
480438 
481729J481872 
4831591483302 
4845841484727 
486005^486147 
4874211487563 
488833I488973 
4902391490380 

491642I491782 

493040! 493^79 
4944331494572 
495822I495960 


497206 
498586 
49996a 

501333 

502700 
504063 


505421 

506775 
508125 

509471 
510813 
512150 
513484 
514813 
516139 
5 '7460 

518777 
520090 
521400 


447778 
449324 
450865 
452400 
453930 
455454 
456973 
458487 

459995 
461498 


447933 
449478 
451018 

452553 

454082 
455606 


448088 

449633 
451172 
452706 
454*35 
455758 


4571251457276 
4586381458789 
460146  460296 
461649  461799 


448242 
449787 
451326 
452859 

454387 
455910 
457428 
458940 


463146  463296 
464639  464787 


462997 

464489 
4659771466126  466274 

467460I467608  467756 

468938J469085I469233 

'4705571470704 
4720251472171 
473487I473633 
474944I475090 
4763971476542 

4778444779^9 


470410 
471878 
473341 
474799 
476252 


477700 

479143 
480582 
482016 

483445 
484869 
486289 
487704 
489114 
490520 


497344 
498724 
500099 
501470 
502837 

504199 

505557 
50691 1 
508260 
509606 

510947 
512284 
513617 
514946 
516271 
517592 
518909 
530221 
521530 


491922 

493319 
494711 
496099 
497482 
498862 
500236 
501607 
502973 
504335 


505692 
507046 
508395 
509740 
5 1108 1 
512417 
513750 
515079 
516403 

517724 
519040 
520352 
521661 


479287 
480725 
482159 

483587 
485011 
486430 
487845 

489255 
490661 

492062 
493458 
494850 
496237 


479431 
480869 
482302 
483730 
485153 
486572 


8 


448397 
44994' 
451479 
453012 
454540 


448552 
450095 
451633 
453165 
454692 


456062456214 


457579 
.45909 


460447146059/ 
461948  462058 

463445 


464936 
466423 
467904 
469380 
470851 
472317 
473779 
475*35 
476687 


478133 


4635^4 
4650J5 
466571 
46  8c  5  2 

469127 
47*998 
4-2464 
4^3925 
^5381 
♦76832 


478278 


4795751479719 


48101 

482445 
483872 

4852^5 
486'i4 


487986  488127 
489396 1489537 
4fo8oi  '490941 

492201 1492341 
493597  493737 


94989 
(.96376 


497621)^97759 
498999499137 
500374i5005ii 
501744)501880 
503109503246 
50447' 


5058'.8 
507IS1 
508550 
5098-4 
5112/5 
512551 
517883 

51)211 

51^535 

iiZiii 
519171 
,•20483 
521792 


495128 
496514 
497897 
499275 
500648 
502017 
50338a 


504607  504743 
506099 
507451 
508799 

510143 
511482 
512818 
514149 
515476 
516800 
518119 


50W63 
507316 
508664 
510008 
511348 
512684 
514016 

515344 
516668 

517987 


519303 
520614 
521922 
523226 


519434 
520745 
522053 
523356 


522705'522835  522966)523096  . 
5240061524136  524266-524396  524526 '52+656 
525304' 525434  52556^:525693:* 5258221545951 
526598  526727  5268^6; 526985 1 527 Ii4'i27243 
527888:528016  5281+5  528274:528403  528531 
<;29i74!  529302  5*9^30  529j59;529687'5298i5 
530456  530584I 530712. 53£84f:53;^9o8  531095  53'2M 

•2       "1   ""T"'   5"  '   <->     7     8 


481156 
482588 
484015 

485437 
486855 
488269 
489677 
491081 

492481 
493876 
495267 

496653 
498035 
499412 
500785 
502154 
503518 
504878 

506234 
507586 
50893; 
5i02'7 
5iifi6 

512951 
51+282 
5:5609 
516931 
518251 


519565 
520876 
522183 
523486 
5*4785 
526081 
527372 
528660 
529943 


457730 
459242 
460747 
462248 

463744 
465234 

466719 
468200 
469675 

471145I 
472610, 
474070, 
475526; 
476976; 
478422I 
479863I 
481299 
482731I 
484157I 
485579: 
486997 

4884  TO' 
489818 
491222 


492621 
494015 

495406 
49679  Ij 

498  I 7J 

4995)='! 

500922! 

502490 

50.76 

5£50 

JO6370 

507721 

509068 

51041 

511750 

513084 

514415 

515741 

517064 

5183H2 


519697 

521007 

522314 
523616 

524915 
526210 

527SO1 
52S788 
530072 
531351 
9 


LOGARITHMS  OF  NUMBERS 


So. 

340 
341 

342 
343 
344 
345 
346 
347 
348 
349 


350 
351 

352 

■•   353 

354 

355 

,  356 

:  357 
[  358 

;  359 
560 

■  361 

362 

363 
364 
365 

366 

367 
368 
369 

c  370 
;   371 

i  372 

1373 
\374 
>375 
I  376 
i  377 
A  378 
'  379 


0 


380 

^3^a 

■  382 

.3S3 
384 
385 

■  386 
387 
388 

389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 


531479 

532754 
534026 

555294 
536558 

537819 
539076 
540329 

541579 
542825 

544068 

545307 
546543 
547775 
549003 
550228 

55H50 
552668 
553883 
555094 


556302 
5575°7 
558709 
559907 
561 lor 
562293 
563481 
564666 
565848 
567026 


568202 
569374 
570543 
571709 
572872 
574031 
575188 

576341 
577492 
578639 


579784 
580925 
582063 
583199 
584331 
585461 

586587 

587711 
588832 
589950 


591065 
592177 
593286 
594393 
595496 
596597 
597695 
598790 
599883 
600973 


531607 
532882 
534153 
535421 
536685 

537945 
539202 

540455 

541704 

54^950 
544192 

545431 
546666 
547898 
549126 

550351 

55M72 
552790 
554004 
555215 

556423 
557627 
558829 
560026 
561221 
562412 
563600 

564784 
565966 

567144 
568319 

569491 
570660 
571825 
572988 

574147 
575303 
576457 
577607 

578754 


581039 
582177 
583312 
84444 
585574 
586700 
587823 
588944 
590061 

591176 
592288 
593397 
594503 
595606 
596707 
597805 
598900 
509992 
601082 


0   I   1 


531734 
533009 
534280 
53  5  547 
536811 
538071 
539327 
540580 
541829 
543074 
544316 
545554 
546789 
548021 
549249 

550473 
551694 

552911 

554126 
555336 

556544 
557748 
558948 
560146 
561340 
562531 
563718 
564903 
566084 
567262 

568436 
569608 
570776 
571942 
573104 
574263 
575419 
576572 
577721 
578868 


580012 

581153 

582291 
583,-426 

584557 
585686 
586812 

587935 
589056 

590173 
591287 
592399 
593508 
594613 
595717 
596817 
597914 
599009 
600101 
601190 


531862 
533136 
534407 
535674 
536937 
538197 
539452 
540705 
541953 
543199 
544440 
545678 
546913 
548144 
549371 
550595 
551816 

553033 

554247 
555457 
556664 
557868 
559068 
560265 
561459 
562650 
563837 
555021 
566202 
567379 


531990 
533263 

534534 
535800 
537063 
538322 
539578 
540830 
542078 
543323 


54456.1 
545802 
547036 
548266 
549494 
550717 
551938 
553154 
554368 
555578 


568554 
569725 
570893 
572058 
573220 
574379 
575534 
576687 
577836 
5789^3 
580126 
581267 
582404 

583539 
584670 

^'799 
586925 
588047 

589167 
590284 


591399 
592510 
593618 
594724 
595827 
596927 
598024 

599119 

600210 
601299 


556785 
557988 
559188 
560385 
561578 
562769 
563955 
565139 
566320 
567497 


568671 
569842 

571010 
572174 
573336 
574494 
575650 
5/68^ 
577951 
579097 


580240 
581381 
5S2518 
583652 
584783 
585912 

587037 
588160 

589279 
590396 


591510 
592621 
593729 
594834 
595937 
597037 
598134 
599228 
600319 
601408 


532117 
533391 
534661 

535927 
537189 
538448 
539703 
540955 
542203 

543447 
544688 
545925 
547159 
548389 
549616 
550S40 
552059 
553276 
554489 
555699 

556905 
558108 
559308 
560504 
561698 
562887 
564074 

565257 
566437 
567614 
568788 

469959 
571126 

572291 

573452 
574610 

575765 
576917 
578066 
579212 


532245. 
533518; 
534787  ' 
536053! 

5373'5^: 
538574- 
539829;. 
5410801 

542327I 
543571! 
544812 

546049 1 

547282 

548512 

549739 

550962 

552181 

553398 

554610 

555820 


5S0355 
581495 
5826^1 

583765 
584896 
586024 
587149 
588272 

589391 
590507 

591621 
592732 
593840 
594945 
596047 
597146 
598243 
599337 
600428 
601517 
5 


557026 
558228 
559428 
560624 
561817 
563006 
564192 
565376 
566555 
567732 
568905 
570076 

571243 
572407 
573568 
574726 
57 5 8 80 
577032 
578181 
579326 
580469 
581608 
582745 
583879 
585009 

586137 
587262 
588384 

589503 
590619 


591732 
592843 

593950 
595055 
.'••6157 
5^256 
59S353 
599446 
600537 
601625 


7 

8 

9 

532372 

532500 

532627 

533645 

533772 

533899 

534914 

5350^1 

535167 

536179 

536306 

53643^ 

537441 

537567 

537693 

538699 

538825 

538951 

539954 

540079 

540204 

541205 

541330 

541454 

542452!  542576 

542701 

543696 

54^820 

54:]  944 

544936 

545060 

545183 

546172 

546296 

546419 

547405 

547529 

547652 

548635 

548758 

548881 

549861 

549984 

550106 

551084 

551206 

55132:^^ 

552303 

552425 

552546 

553519 

553640 

553762 

554731 

554852 

554973 

555940 

556061 

556182 

557146 

557267 

5573:57 

55834^ 

558469 

558589 

559548 

559667 

559787 

560743 

560863 

560982 

561936 

562055 

562174 

563125 

563244 

563362 

564311 

564429 

564548 

565494 

565612 

565730 

566673 

566791 

566909 

567849 

567967 

568084 

569023 

569140 

569257 

570193 

570309 

570426 

571359 

571476 

571592 

572523 

572639 

572755 

573684 

573800 

5739^5 

574841 

574957 

575072 

575996 

576111 

576226 

577147 

577262 

577377 

578295 

578410 

578525 

579441 

579555 

579069 

580583 

580697 

580811 

581722 

581836 

581950 

582858 

582972 

5S3085 

583992 

584105 

58421S 

585122 

585235 

58534^ 

586250 

586362 

586475 

587374 

5S7486 

587599 

588496 

588608 

588720 

589615 

589726 

589838 

590730 

590842 

590953 

591843 

591955 

592066 

592954 

595064 

593175 

594061 

594171 

594282 

595165 

595^76 

595386 

596267 

596377 

596487 

597366I597476 

■;97585 

59846a;  59^^572 

59S681 

5995561599665 

'599774 

600646:600755 

6C0864 

601734 

605843 

60195' 

r 

B 


LOGARITHMS  OF  NUMBERS. 


No. 

~280 

282 

283 
284 
285 
286 
287 
288 
289 

290 
291 
292 
293 
294 
295 
296 
297 
298 

300 
301 
302 
303 
304 
30s 
306 
307 
308 
309 


310 
3" 
312 
313 
314 
315 
316 

3»7 
318 

3'9 


320 
321 

322 

3H 
325 

326 
327 
328 
529 

330 
331 

332 
332 
334 
33  5 
336 
337 
338 
339 


0 


447158 
448706 
450249 
451786 
453318 

454845 
456366 
457882 

45939^ 
460898 


462398 
463893 
465383 
466868 
468347 
469822 
471292 
472756 
474216 
475671 


477121 
478566 
480007 
481443 
482874 
4843*00 
485721 
487138 
488551 
489958 


491362 
492760 
494155 
495544 
496930 
498311 
499687 
501059 
502427 
503791 


505150 
506505 
507856 
509202 

510545 
511883 
513218 
5'4548 
515874 
517196 


5185-14 
519828 
521138 
522444 

523746 
525045 
526339 
527630 
528917 
5302001 


447313 
448861 
45040^ 
451940 
453471 
454997 
4565«8 
458033 
459543 
461048 


462548 
464042 
465532 
467016 

468495 
469969 

471438 
472903 
474362 
475816 


477266 
478711 
480151 
481586 
483016 
484442 
485863 
487280 
488692 
490099 
491502 
492900 

494294 

495683 

497068 

498448 

499824 

501 196 

502564 

503927 

505286 

506640 

50799 

509337 

510679 

512017 

513351 
514680 
5 1 6006 
517328 


518645 

5'9959 
521269 

522575 
523876 

525174 
526468 

527759 
529045 
530328 


44746^ 
449015 
450557 
452093 
453624 

45 5 '49 
456670 
458184 
459694 
461198 

462697 
464191 
465680 
467164 
468643 
4701 16 
471585 
473049 
474508 
475962 


4774II 
478855 
4S0294 


447623 
449170 

45JO711 
452247 

453777 
455302 
456821 
458336 
459845 
461348 
462847 
464340 
465829 
467312 
46879O 
470263 
471732 
473^95 
474653 
476107 


4554541455606 

456973 
458487 


477555 
478999 
480438 


48i729{48i872 
4831591483302 
484584I484727 
4860051486147 
4874211487563 

488833I488973 
4902391490380 

491642I491782 
493040 I493 179 
4944331494572 
495822J495960 


497206 
498586 
499962 

501333 

502700 
504063 


505421 

506775 
508125 

509471 
510813 
512150 
513484 
514813 
516139 
517460 


497344 
498724 
500099 
501470 
502837 
504^99 

505557 
5069 1 1 
508260 
509606 

510947 
512284 

513617 
514946 
516271 
517592 


518777 
520090! 
52140O' 
522705! 
5240061 
525304' 
526598; 
527888; 

529174' 
530456 


518909 
520221 

521530 
522835 
524136 

525434 
526727 
528016 
529302 
530584: 


447778 
449324 
450865 
452400 
453930 


447933 
449478 
451018 

452553 

454082 


448088 

449633 
451172 
452706 
454235 
455758 


459995 
461498 


4571251457276 
4586381458789 
460146  460296 
461649  461799 
462997  463146  463296 
464489  464639:464787 
46 597 7 J466 1 26  466274 
4674601467608  467756 
4689381469085,469233 
470410  4705571470704 
471878  4720251472171 
473341  4734871473633 
474799  474944I475090 
476252  4763971476542 

477700  477844  477989 
479431 


448242 
449787 
451326 
452859 

454387 
455910 
457428 
458940 


479143  479287 
480582  480725 


482016 

483445 
484869 
486289 
487704 
4891 14 
490520 


491922 
493319 
4947" 
496099 
497482 
498862 
500236 
501607 
502973 
504335 


505692 
507046 
508395 
509740 
511081 
;  1 2417 
513750 
5 '5079 
516403 

517724 


19040 
20352 
21661 


482159 

483587 
48 50 1 1 
486430 
487845 
489255 
490661 

492062 
493458 
494850 
496237 


480869 
482302 


8 


448397 
44994' 
45'479 


453012453165 


454540 


44855 
450095 

451633 


454692 


4604471460597 


456062456214 

457730 
459242 
460747 


457579 
45909- 


461948 

463445 
464936 
466423 
467904 


4650J5 
46657' 

^    ,  ^    .  468C52 

469380  469)27 

470851 

472317 

473779 

475235 

476687 


4620981462248 
J635C4U63744 


47C998 
4-2464 
4^3925 
^5381 
^76832 


478133478278 
479575j4797'9 


48101; 
482445 


483730  483872 
485153  4852J5 
486572  486-14 
487986  488127 
4?9396|489537 
4jo8oi  490941 

492201 1492341 
^35971493737 


.94989 
^96376 


497621^97759 
498999499137 
500374i5005ii 
501744  501880 
563i09»503246 


50447' 
5058'.8 
507IS1 
5085:0 
5098-4 
5ii2.'5 
512551 
51J883 

51)211 

5«f535 
517855 


504607 

50W63 
507316 
508664 
5 10008 
5i'348 
512684 
514016 

515344 
516668 

517987 


495128 
496514 
497897 
499275 
500648 
502017 
503382 
504743 


506099 

507451 
508799 

510143 

511482 

512818 

514149 

515476 

516800  ^  ._ 

518119  518251 


481156 
482588 
484015 

485437 
486855 
488269 
489677 
49 108 1 

492481 
493876 
495267 
496653 
498035 
499412 
500785 
502154 
503518 
504878 

506234 
507586 
50893; 
5i02'7 
511616 
512951 
514282 
5:5609 
516931 


465234 
466719 
468200 
469675 

47 1 '45 
472610 
474070 
.475526 
476976 
478422 
479863 
481299 
482731 
484157 
485579 
486997 
488410 
489818 
491222 


519171  519303  5*9434  519565 
20483  520614  520745  520876 
21792  521922  522053  522183 
122966)523096  523226  523356  523486 
124266' 524396  52452652+656  524785 
J2556J. 5256931525822151595'  526081 
5268.-6; 526985  527 Ii4'i27243  527372 
28145  528274,528403  528531  528660 
^29430  529j'59i529687'5298i5  529943 
5307 '2; 530840  530968  53109s  531213 

4.      '"  5      '      6  7  8 


492621 

494015 

495406 

496791 

498 l7i 

499550 

500922 

502*90 

507654 

505014 

f06370 

507721 

509068 

51041 

511750 

513084 

51441 

515741 

517064 

518382 


519697 
521007 
522314 
523616 

524915 
526210 

527501 
528788 
530C72 

iillii 
9 


LOGARITHMS  OF  NUMBERS 


So. 
340 

0 

1 

2 

3   I   4 

5 

6 

532372 

8 

9 

532627 

531479 

531607 

531734 

531862  531990 

532117 

532245 

341 

532754 

532882 

533009 

533136  533263 

533391 

5335181533645 

533772 

533899 

342 

534026 

534'53 

534280 

534407  534534 

534661 

534787'5349i4 

535041 

53  5 '67 

343 

535294 

535421 

535547 

535674  535800 

535927 

536053  536179 

536306 

536432 

l-W 

536558 

536685 

536811 

536937  537063 

537i89!5373i5i53744i 

537567 

537693 

345 

537819 

537945 

538071 

538197  538322 

538448 

538574:538699 

538825 

53895 r 

346 

539076 

539202 

539127 

539452  539578 

539703 

539829:539954 

540079 

540204 

347 

540329 

540455 

540580 

540705  540830 

540955 

5410801 541205 

541330 

541454 

348 

541579 

541704 

541829 

541953  542078 

542203 

542327 I542452I 542576 

542701 

349 

54282s 

542950 
544192 

543074 
544316 

543199 
544440 

543323 

543447 
544688 

5435711543696 
544812; 544936 

543 » 20 
545060 

54:^944 
545183 

350 

544068 

54456-^ 

351 

545307 

545431 

545554 

5456781545802 

545925 

546049 

546172 

546296 

546419 

352 

546543 

546666 

546789 

5469>3'547036 

547159 

547282 

547405 

547529 

547652 

3.?3 

547775 

547898 

548021 

548144  548266 

548389 

548512 

548635 

548758 

548881 

3  54 

549003 

549126 

549249 

549371 1549494 

549616 

549739 

549861 

549984 

550x06 

355 

550228 

550351 

550473 

5505951550717 

550S40 

550962  55ioi54 

551206 

55132^; 

356 

55H5^ 

55M72 

551694 

551816  551938 

552059 

552181 

552303 

552425 

552546 

357 

552668 

552790 

552911 

553033:553154 

553276I553398 

553519 

553640 

553762 

358 

553883 

554004 

554126 

5542471554368 

554489I554610 

554731 

554852 

554973 

359 

555094 

555215 

556423 

555336 
556544 

555457  555578 

555699 
556905 

555820 

555940 
557146 

556061 

557267 

556182 

5573^7 

556302 

556664I556785 

557026 

361 

5575°7 

557627 

557748 

5578682557988 

558108 

558228 

558348 

558469 

558589 

362 

558709 

558829 

558948 

559068 

559188 

559308 

559428 

559548 

559667 

559787 

363 

559907 

560026 

560146 

560265 

560385 

560504 

560624 

560743 

560863 

560982 

364 

561101 

561221 

561340 

561459 

561578 

561698 

561817 

561936 

562055 

562174 

36s 

562293 

562412 

562531 

562650 

562769 

562887 

563006 

563125 

563244 

563362 

366 

563481 

563600 

563718 

563837 

563955 

564074 

564192 

564311 

564429 

564548 

367 

564666 

564784 

564903 

555021 

565139 

565257 

565376 

565494 

56561a 

565730 

368 

565848 

565966 

566084 

566202 

566320 

566437 

566555 

566673 

566791 

566909 

369 

370 

567026 
568202 

567144 
568319 

567262 
568436 

567379 

567497 

567614 
568788 

567732 
568905 

567849 
569023 

567967 
569x40 

568084 
569257 

568554 

568671 

371 

569374 

569491 

569608 

569725 

569842 

469959 

570076 

570193 

570309 

570426 

372- 

570543 

570660 

570776 

570893 

571010 

57 1 1 26 

571243 

571359 

571476 

571592 

373 

571709 

571825 

571942 

572058 

572174 

572291 

572407 

572523 

572639 

572755 

374 

572872 

572988 

573104 

573220 

573336 

573452 

573568 

573684 

573800 

573915 

375 

574031 

574147 

574263 

574379 

574494 

574610 

574726 

574841 

574957 

575072 

376 

575188 

575303 

575419 

575534 

575650 

575765 

57 5 8 80 

575996 

576111 

576226 

111 

57634' 

576457 

576572 

576687 

5/68^ 

576917 

577032 

577147 

577262 

577377 

378 

577492 

577607 

577721 

57TS36 

577951 

578066 

578181 

578295 

578410 

578525 

379 

380 

578639 

578754 
579898 

578868 

578983 

579097 

579212 
580355 

579326 
580469 

579441 

579555 
580697 

579669 
580811 

579784 

580012 

580126 

580240 

380583 

"M 

580925 

581039 

581153 

581267 

581381 

581495 

581608 

581722 

581836 

581950 
583085 

382 

582063 

582177 

582291 

582404 

582518 

582631 

582745 

582858 

582972 

Z^l 

583199 

583312 

583.-426 

583539 

583652 

583765 

583879 

583992 

584105 

58421s 

384 

584331 

584444 

584557 

584670 

584783 

584896 

58 5009 

585122 

5^f35 

58^34* 

385 

585461 

585574 

585686 

585799 

585912 

586024 

586137 

586250 

586302 

586473 

386 

586587 

586700 

586812 

586925 

587037 

587149 

587262 

587374 

587486 

58755:' 

387 

587711 

587833 

587935 

588047 

588160 

588272 

588384 

588496 

588608 

58S720 

388 

588832 

588944 

589056 

589167 

589279 

589391 

589503 

589615 

589726 

589838 

389 

589950 

590061 
591176 

590173 
591187 

590284 

590396 

59C5_07 

590619 

590730 
591843 

590842 
591955 

590953 
592066 

390 

591065 

591399 

591510 

591621 

591732 

391 

592177 

592288 

592399 

592510 

592621 

592732 

592843 

592954 

593064 

593175 

392 

593286 

593397 

593508 

593618 

59377-9 

593840 

593950 

594061 

594171 

594282 

393 

594393 

594503 

594613 

594724 

594834 

594945 

595055 

595165 

595276 

5953S6 
596487 

S97585 

59S68X 

394 

595496 

595606 

595717 

595827 

595937 

596047 

.^•^6157 

596267 

596377 

395 

596597 

596707 

596817 

596927 

597037 

597146 

5^9^256 

597366,597470 

396 

597695 

597805 

597914 

598024 

598134 

598243 

598353 

59846*1,598572 

397 

598790 

598900 

599009 

599119 

599228 

599337 

599446 

5995561599665 

599774 

398 

599883 

599992 

60010X 

600210 

600319 

600428 

600537 

600646:600755 

600864 

399 

600973 

601082 

601190 

601299 

601408 

6015x7 

601625 
6 

601734 

0011)43 
8 

60195 1 

0 

1 

2 

3 

4 

5 

r 

E 

\ 

LOGARITHMS  OF  NUMBERS'. 


Xo. 


0 


4C0 
401 
4C2 

403 
404 
405 
406 
407 
408 
409 


'6020(10 
1 605 144 
'G04  26 
;f.0  5-,0  5} 
1606381, 
:6o-455i 
■608526! 
1609594 
610660 
J611723! 


6021  bo 
603253 

t'0433  + 
605413 
606489 
607562 
6CS633 
609701 
610767 
61 1829 


b02277;60238o( 
6033611603469! 
604442!  604550', 
605521  605628! 
606596(106704; 
607669)6077771 
6o874o!6o8847' 
609808. 609914! 
610873  610979' 
611936,612042; 


602494 
603577 
604658 
605-36 
60681 1 
607884 
608954 
6100^1 
61 1086 
612148 


602603 
603686 
604766 j 
605844, 
606919' 
6079911 
609061 1 
61012^1 
6  I  1 192I 

61 27  54; 


60271 1 

603794 

604874 
605951 
607026 
60SO98 
609167 
610234 
61 1298 
612.560 


602819 
603902 
604982 
606O59 

607i33 
608205 
609274 
610341 
61 1405 
6; 2466 


,602928:603036 
'604010  6041 iS 
16050891605197 
6061661606274 
I607241  607348 
6083121608419 
6094S 


609381 
61C447 
I61151 I 

'612572 


610554 
611617 
61267S 


410 
411 
412 

413 

414 

4'5 
416 

4'7 
418 

All 
420 
42! 
422 
423 
424 

4^5 
426 
427 
428 

-lii 

430 

43' 

43  i 
433 
434 
43  >' 
436 
437 
433 

j!i 
440 
441 

4I2 
443 
444 
445 
446 
44- 
448 
_449 
430 
4i'i 
45- 
453 
454 
45  5 
456 

457 
452 

4--0 


'612784  61289O  612996  613101 
1613842  613947  614053  614159 
;6i4?97i6i5O03;6i5io8  615213 
|6 1 59 5oi6 160 5 5 '6 16 160  616265 
|6i7000'6i7i05^6i72iO:6i73i5 
|6 J S048!6 181 53:618257 '6 18362: 
6i9093J6i9i98'6i9302  619406 
6201361620240  620344:620448! 
1 621176! 621 280  621384:6214881 
1622214,622318:622421  622525! 

,6232491623353  623456,623559 
624282! 6243 851624488:624591 
6  253 1 2!  6254 15  [625  5 1 81 625621! 
62&340I626443  626546; 62664?! 
627366  6274681627571(627673 
628389  62849 1 [628 595 1 6 28695 1 
62^410  62951 116296131629715' 
630428  630530,63063 i'630733 
631444J631545. 631647  631748] 
632457  6325581632660  632761 

|63:468i633569i63367o;63377i 
1634477  63457^1634679  634779 
I6354S4  635584:635685:635785 
636488i636588j636688i 636789 
6374<^o|637  590j6376uol  637790 


613207 
614264 

6i53>9 
616370 
617420 
618466 
61951 1 
620552 
621592 
622628 

6I366] 
624694 
625724 
626751 
627775 
628797 
629817 
630834 
631849 
632862 


6i33«3  613419 
6i4370'6i4475 
615424  615529 
6i6475!6i658o 
617524  6176Z9 
61857  1:618675 
61961511519719 
620656:620760 
6216951621799 
622732J622835 

6237661623869 


638489  638 
639486  639386 
640481  640581 


6386891638789 
6396861639785 
640680I 640779 


64i474;64i573,64i672^64J77i 
64246416425631642662  642761 
643453j643S5' 1643650(643749 
644439i644537;644635j644734 
6454221645520.645619,645717 
646404)640502:6466001646698 
6473831647481,647579,647676 
6483601648458  648555J648653 
649335  649432.649530.649627 
650307 165040 5:650502; 650599 
651278  6,1375^6514721651569 
651246  65 2343 '652440, 6525.36 


6^3»i3l653309  653405  653502 
654176I654273  654:69:634465 
655138165^234.655331(655427 
656098I656194  656290  656386 

6570561657  151    557  2£7  .65734.3 

i 


51    557247.. 

658ctij658i07  6382^21658298 


6589655659060  659155  659250 
16599  i6i66ooM  660106  660201 
j66o865'ft6o96o  661055,66^50 
J661813J6619O7  662002  662096 


633872 
634880 
635886 
636S89 
637890 
638888 
639885 
640S79 
641870 
642860 

643847 
644832 
645815 
646796 

647774 
648750 
649724 
650696 
651666 
6526^3 
653598 
654562 

655523: 
656481 

657438- 
658393 
659346 
660296 
661245 
662191 


624798 
625827 
626853 
627878 
628900 
'629919 
630936 
631951 
632963 

633973 
634981 
635986 
636989 
'637990 
,638988 
1639984 

:  64097 8 
641970 
642959 
643946 
644931 

6459 '3 
646894 
647872 
648848 
649821 
650793 


624901 
625929 
626956 

627980 
629002 
630021 
631038 
632052 
633064 

634074 
635081 
636086 
637089 
638090 
639088 
640084 
641077 
642069 
643058 
644044 
645029 
6460 1 1 
646991 
647969 
64S945 
649919 
650890 


651762  651859 
65273CI652826 


653695 
654638 

655619 
656577 

657534 
658488 
659441 
660391 
C61339 
662285 


653791 
654754 
655714 
656673 
657629 
658584 
659536 
660486 
661434 
662^80 


613525 
614581 
615634 
616685 

617734 
618780 
619823 
620864 
621903 
622939 

623972 
625004 
626032 
627058 
,628082 
629104 
1630123 
1631139 
1632153 
'633165 

,634'75 
1635182 
I636187 
[637189 
,638190 
,639188 
1640183 
;64i 17& 
'642168 
643156 
;  644 1 43 

,645  »27 
,646109 
1647089 
648067 

649043 

1650016 

I650987 
651936 

:  652923 

^653888 
1654850 
655810 
1656769 
1657725 
1658679 

65963' 
.660581 
,661529 

■6624-4 

I      7 


'6!36  O 
I614686 
',615740 
J61679O 
1617839 
618884 
619928 
620968 
622007 
623042 

624O76 
625107 
626135 
627161 
628184 
629206 
630224 
63124! 
632255 
633266 

634276 
635283 
636287 
637289 
63S289 
639287 
640283 
641276 
64226.7 
643^55 

644242 
645226 
64620S 
647187 
648165 
649140 
6501 13 
651084 
652053 
6530*9 
653984 
654946 
65 5906 
656864 
65782c 

658774 
659726 
660676 
661623 
66256Q 


613736 
6l47s2 

615845 
616895 
617943 
618989 
620032 
621072 
6221 10 
623146 

624179 

625209 

626238 

627263 

628287 

629308 

6303 
631342 

63235 
633367 

634376 
635383 
636388 
637390 

63S389 

639387 

640382 

641375 

642366 

643354 

64434 
645324 

646306 

647285 
648262 
6492 

6502 

65  1  iS I 

6521 

653116 

654CS 

655042 

656CO 

656960 

6579 

C5S870 

659821 

660771 

661718 

662663 


8 


y 


LOGARITHMS  OF  mJMBERS. 


No. 


0 


460 
461 
462 
463 
464 
465 
466 

467 
468 

469 

470 
47  i 
472 
473 
474 
475 
476 

477 
478 

_479_ 
480 
481 
482 
4B3 
484 
485 
486 

487 
488 

_489_ 
490 
491 
492 
493 
494 
495 
496 

497 
498 
_499_ 
500 
SOI 

i02 

503 
504" 

505 

506 

507 
508 
509 


■6627 5 S 
663701 
664642 
665581 
666518 

667453 
668386 
66^317 
670246 


3      )      4      j      5      I 6      I      7      I      8      1      9 

66304116631351663230  66  ^3 24(663  +  ^3  |9637rj 663607 


1   j   2 

662852  662947 

663795  663889 

664736)664830 

665675.'66s769 

666612I666705 

6675461667640:6677331667826  667920 

66S479|66S572}668665!668753  668852 


663983  66407S 
664924  665018 
6658621665956 
666799166689- 


66941016695031669596:669689 

6703 39 '67043 1  j 670 5 24! 6706 1 7 

671173  671265:67135816714511671543 


672098; 672 1 90:672283 167 2375 1672467 
673021 1 673  £i3J 6.73205 ^6 73 297 1 673390 
673942!674034i674i26  674218  674310 


674861I674953I675045 
675778)675870  675962 


6766941676785 
6776071677698 
678518  678609 
6794281679519 
6803351680426 

681241J681332 
682145  682235 


683047 

683947 
684845 


68403 
684935 


685742  685831 
686636  686726 
6875291687618 
68842o|688509 
680309  689398 


1901961690285 
69io8i!69ri70 
691965I692053 


510 
511 
512 
513 
514 
515 
516 

5^7 
518 
5^9 


675^36  675228 
676053  676145 
676876  676968  677059 
677789  677881  677972 
678700  678791  678882 
679610  679700  679791 
680517  680607  680698 
6S1422  681513  681603 
682326  682416  682506 
683227  683317  683407 
684127  684217  6S4307 
685025  685114  685204 
685921  68&010  686100 
686S15  686904  686994 
687707  687796  687886 
688598  688687  688776 
689486  689575  689664 

690373  690462  690550 
691258  691347  691435 
692142I692230  692318 
693023  693111  693199 
693903  693991  694078 
694781  694868  694.956 
605657  695744  695832 
696531  696618  696706 
697404  697491 
6982751698362 
6991441699231 
700011I70009SJ70018 
700877J700963  701050 
701741J701827 
70260J  7ol6i'9 
703463  703549 
7043221704408 
7051791705265 
706035  706120 
706888I7069-4 

7077401707826 
708591  70S676 


6641 72J 664266! 664360 J664454  664548 

6651 12;665206'6,6;299;6653(,3  665487 

66oO5oi666i43;660237J66633  !  666424 

666986|667079J667i7j^667266   ' 

668oi3J668io6;668i99 

668945,6690381669131 

669875  669967J670060 

67089 5! 670988 

67i8ii;'6^M9i3 


669782 
6707 10 
67263^ 

672560 
673482 

674402 
675320 
676236 
677151 
678003 
678973 
679882 
6807S9 

681693 
682596 
*5'^3497 
o843y6 
685294 
686189 
687083 
687975 
688865 
689753 
690639 
601C24 


670802 
671728 
672652 

673574 

674494 

67541 

676328 

677242 

678154 

679064 

679973 
680879 

68T784 


667359 
668293 
669224 

670153 

671080 

672005] 

672744: b'  2836I 672"9'29 

6736661673758J673850 


674586 

675503 
676419 

677333 
978245 

679155 

600063 
680970 


6St874 
6S2C86  682777 
683587  6S3677 
4486  684576 
685383  685473 
686279  686368 
687172I687261  687^5. 
688064I6S8153  688242 
688953J689042  689131 
689841  [689930  690019 


6746771^74769 
675595:67^687 
6765111676602 
677424  677516 
,6783361678427 
6792461679337 
6S0 I 54> 680245 
6 01060! 68 1 151 

68  19645682055 
6828671682957 
683767,683857 
6846661684756 
685563J685652 
686457  686547 


695044 
695919 

696793 
6975781697665 
798448I69853J 

6993i7i699-y04 

00271 


690727  690816I690905 
6916126917001691789 
692406J 692494  692^831 69267 1 
693287J 6933-51693463 J69355 I 
694 169, 594254  694342  694430 


695'3i 
696007 
696880 
69-752 


701913 

702775 
703635 
704494 


695219  675307 
690094  696182 
696968  697055 
697839  697926 


6986 22:698709 [698796! 698883 


699491 :699578j699664j69975 i 

700358170044417005311700617 

70 1 136 1 701 222i 70 1 3091701395! 70 148 2 

701 999 J7020:i6;7p2i72| 702258  702344 

70286 1 1 7029471703033 1703 119  703205 


6937271693815 
6946051694693 
695482,1695569 
696356J696444 
697229:697317 
698100:698188 
69897O'699057 
699838699924 
700704  700790 
701568  701654 
702430  702517 
70329i;703377 
704150.704236 
7050081705094 
705864705949 
706718  706S03 

707570  707655 

708421  708506 

709270  7093 551 709440: 

710117  7i0202'7i0287J 

710963  7 11048171 113217 112 1 6| 7 1 130 1 17  "3 85:71147017 1 1 554^7 1 1 6381 7 1172.: 

711807  7 11892171197617 12060)712 144' 71 2229. 7123 131712397171248117 12566 

712650  7 1 2734; 7 1281 8 j7 1 29021712986: 7 13070: 7 13 1 54' 71 3 23 817 133 22! 7 13406 

713490  7 13 574j  7  1 3658'7 13742! 7 -'3826:7 13910; 713994  7  14078I714162J 714246 

7H330  7i44i4:7i4497!7i458i|7^46  35'7i4^49!7i4832;7i49^6j7i5O0o'7i5084 

7i5'67  7152511715335:715418  71  55027  1558671  s-669' 71  5753;7i5836' 7  15920 

\      0      .       1      j      2      r    3      I      4      I      5      I      6     ';      7      I      8      I      9 


70372ii7O38o7i7O3893 

7045791704665. 70475  I 
7053 50I705436' 7055221705607 
706 2c6J?o5 29 117063 76 1 706462 
7O7059i70-^i44|7072-9;7O73i5 

70791 i!70"996i708O8i  7081661708251:708336 
7087611708846,768931  7090151709100:709185  ■ 

3 
9 


703x^79 1 70406^ 
7048371704922 
705693I70577S 
706547J706632 
707400^707485 


709524,709609  ;709694;709779'709863J70994S!7ioo3 
7 1037 1  7 104561 7*0540  7*0625  7107101710794171087 


LOGARITHIMS  OF  NUMBERS, 


No. 


0 


9      I 


716003  7160^7  7i6i7o;7i6254  716337  7164211716504  7 16588. 7j667i{7 16754 
716838  716921  71700417170^8  717171, 717254  7>733>i  7i742»j7'7504  7I75-' 
717671  7(7754  717837:717920  7180031718086,718169  718253I718336  718419 
7185O2  718585  718668,718751  7i8834!7i89i7i7i9003  7'9o83|7i9i6s'7i924; 
719331  719414  719497  719580  719663I719745  719828  719911I719994  72007^ 
720159  720242  720325  720407  720490J720573  720655  720738:720821  72090.^ 
1720986  72106S  721  I5i'72i233  72i3i6i72i398  721481  721563,721646  72i72>; 
I721811  721893  721975  722058,7221401722222  722305  7223871722469  7225^2 


530  724276  724358  724440  "24522:724603 

531  725095  725176  725258725340  725422 
533  725912725993  726075  7261561726238 

533  726727  726809  72689D  726972  727053 

534  72754>'727623  727704  727785J727866 

535  728354  728435  72851672859V1728678 

536  729165:729246  729327:729408729489 

537  7299741730055  7301361730217730298 

538  7307821730863  730944I731024  731105 

539  73i589':^3'669  73  i750'73i830.73 191 1 '73 199 '  73207  2  1 1^\  ^^\n^'2.^llll^ 

540  [732394  732474  732555  73263517327151732796:732876  732956i733037i733> 


724685724767  724849172493  '  725c  .  : 
725503.725585  7256671725748:725s jc 
726320  726401  726483j726564'7266^'i 
727134  727216  727297:727379;7274'^- 
72794S  728029  728il0!728l9i:7282- ; 
728759  728841  7289221729003*7290'.-:, 
729 570, 72965 1, 7 2973 27298 13  7 298.. 3 
730378  730459' 730540; 730621  7307C2 
731186  73'266  73«347(73"428  7315--' 


541 
542 
543 


733197 
7339-9 

734800 

>44  1735599 
545  736396 
737193 
737987 
738781 
739572 

740363 
741152 

74 '93 9 

742725 


546 

547 
548 

549 


550 
551 
552 
553 
554 
555 
556 
557 
558 
S59 


733278  733358  733438 ;733 5 iSl 733 598  733679  7  337  59i733839:7339 'y 


734079  734i59:734240{734320 
734880  734960735040  735120 
735679  735759  7358381735918 
736476  736556'736635  736715 
737272  737352  73743'  737511 
738067  738146  738225738305 
738860738939  739018 j 739097 
739651  739730  739810739889 
740442  740521  740599J740678 

741230741309  741388  741467 
742018  742096  742175  742254 
742804  742882  7429611743039 
743510-743588  743667  743745743823 
7442931744371744449  744528,744606 
7450751745153:745231  745309  745387 
7458551745933  74601 1746089  746167 
7466347467  1 2l746790'746868!746945 
74741  2747489^747567  747645747722 


734400734480  7345607346407347- 
735200  735279  735359|735439 7355 
735998  736078736157  7362371736317 

736795  736874  736954  737034,737113 
737590737670  737749;737829737(,cS 
738384738463  738543  7386221738701 
739177  739256739335  7394i4|739493 
739968  740047  740 126 740205  74025^4 

7407571740836740915740994741073 


741  5461741624  741703  741782 
742332742411:742489742568 
74311817431967432751743353 
743902  743980,744058744136 
744684I744762744840  744919 
745465!745543';7456ii  745699 
74624517463231746401  746479 
747023  747ioi|747i79  747256 
747800I747878747955J  748033 


741860 

74264 

743431 

74421 

744997 

745777 

746556 

747334 

748 1 10 


560 
561 
562 
563 
564 
5^55 
566 

567 
568 

_569_ 

570" 

571 

572 

573 

574 

575 

576 

577 

578 

579 


748188 
748963 
749736 
750508 
751279 
752048 
752816 
753583 
754348 
7S5"2 

7558-5 
756636 

757396 
758155 
758912 
759668 
760422 
761176 
761928 
762679 


1748266 
749040 
I749814; 
750586 

751356 
1752125 
752893 

753660 

1754425 
755189 

75595' 
•75671a 

757472 
I758230 
758988 

.759M3 
760498 
761251 
762003 
762754 


748343 
749118 

1749891 
'750663 

751433 
1752202 
752970 

753736 
•754501 

755^ 
'756027 
756788 

'757548 
758306 
,759063 
1759819 
1760573 
•761326 
762078 
762829 


I   0 


748421 
749195 
749968 

■750740 
751510 

752279 
'753047 

753813 
,754578 
'755341 

I756103J 
756864 
757624 
758382 
759139 
7598941 
!  760649! 
1761402; 
762153J 
1762904; 


748498 

749272 

750045 

7508 

751587 

752356 

753123 

753889 

754654 

755417 

756180 

756940 

757700 

758458 

759214 

759970 

760724 

761477 

762228 

762978 


748576 
749350 
750123 

750894 
751664 

752433 
753200 
753966 
754730 
75|494 
756256 
757016 
757775 
758533 
759290 
7600^.5 
760799 
761552 
762303 
763053 


7486531 

749427] 

750200 

750971 

7517411 

752509 

753277 

754042 

754807 

75>570 

756332 

757092 

757851 
758609 
759366 
760121 
760875 
761627 
762378 
763128 

~6 


748731 1 
749504' 
750277! 
751048 
751818 
752586 
753353 
754119! 
754883; 

755646 
756408! 
757i68| 
757927I 
758685; 

759441 
760196 
760950 
761702 
762453 
763203 


748808 
749582 

750354 
751125 

751895 
752663 
753430 

754195 
754960 

755722 

756484 

757244 
758003 
758761 
759517 
760272 
76/025 
761778 
762529 
763278 

8 


748885 
749659 
750431 
751202 
751972 
752740 
753506 
754272 
755036 
755799 
756560 
75732c 
758079 
758836 
7595924 
760347 
761 101 
761853 
762604 
763353 
9 


LOGARITHMS  OF  KUMBERS, 


No.   I     0 


1 


I      4 


580  17634281763503! 

581  IjS^ijSlye^-i^i 

582  17649231764998 

583  17656691765743 

584  766413 I766487 

585  7671561767^3^ 

586  767SQ8I767972 

587  768638J768712 

588  1769377J769451 

589  i770ii5'770'89' 


590  i770*s2 

591  1771587 
1772322 

'773055 
7737^6 

774517 
775246 

775974 
776701 

777427 


592 
593 
594 
595 
596 
597 
598 

599 


770926 
771661: 

772395' 
.73128 
773860; 
774590J 
775319 
776047 

776774 
777499: 


boo 
601 
602 
603 
604 
605 
606 
607 
608 
609 


778151 
778874 
779596 
780317 
781037 
78x755 
782473 
783.89 
783904 
784617 


763578 
764326 
765072 
765818 
766562 
767304 
768046 
768786 
769525 
770263 
770999 

771734 
772468 
773201 

773933 
774663 

775392 
776120 
776846 

777572 


763653: 

764400 : 
765147, 
7658921 
766636! 

1767379; 
17681201 
I768860: 
1769599' 
1770336' 

771073! 
771808 
772542I 
773274! 
774006 
774736 
775465 
776193 
776919 
777644 


778224- 
778947* 
779669 
780389 
781 109 
781827 
782544 
783260 

783975, 
784689 


878296 
779019 

779741 
780461 
781181 
781899 
782616 

783332 
784046 
784760 


763727 

764475! 
765221! 
7659661 
766710! 

767453' 
768194! 

768934' 
7696731 

77C4'0- 
771146 
771881! 
772615I 
77334S 
774079 
774809 
•'75538 
776265I 
776992! 
777717! 


763S02 
764550 
765296 
766041 
766785 
767527 
768268 
769008 
769746 
770484 
771220 

771955 
772688 

773421 
774152 
774882 
775610 
776338 
777064 
777789 


763877 
764624 
765370 
7661 15 
766859 
767601 
768342 
769082 
769820 

771293 

772028 
772762 

i773494 

I774225; 

;  774955 
■775683 
,776411 

1777^37 
■777862 


778368 
779091 
779813 
780533 
781253 
781971 
782688 
783403 
7841 


778441] 
779163; 

779885! 
780605! 

7813241 
782042] 

782759; 
783475; 
,784189. 


784831  784902' 


778513 
779236 
779957 
780677 
781396 
782114 
-82831 
783546 
784261 

784974 


7785^5 
779308; 
780029; 
780749 
78146.S 
782186; 
78  ^902; 
783618: 
784332. 
785045 


763952  764027:764101 
704699  764774,764848 
765445  765520^765594 
76(3190  766264^766338 
766933  767007767082 
767675  767749  767823 
7684(6  768490.768564 
769156  769230I769303 
769894  769968'77C042 
77063^^-77070  5 '770778 

771367  771440  77'7h 
772102  772175:772248 
772835  77290bi77298i 
773567'77364C;7737»3 
774298i77437i!774444 
2750281775100(775173 
7757561775829:775902 
77648317765561776629 
777209!77728si777354 
777934 1 778006  ■  77  80 --9 
778658  77873o;778bo2 
779380  779452I779524 
780101  7801731780245 
7S0821  780893J380965 
781540  78i6i2i78i684 
782258  7a:2329l78240i 
782974  783046I783I17 
783689  78376j'783832 
784403  7844751784546 
7851 16  7851071785259 

7S582B  785899*785970 
78653S  786609:786680 
787248  7873i9.'787390 
787956  788o27'788o9& 
788663  7887341788804 
78936917894401789510 
79OO74|790i44',79O2i5 
79O778;;790848;7909i8 
79 1 480' 79 1550, 79 1620 
7921 81;  792252:792322 

792682;792952j793022 
79358ii79365iJ79372i 
794279: 794349; 79441 8 
:'94976  7950451795115 
79567i;79574i'7958ii 
796366  796436:796505 
797060  797129  797198 
797752-79782ii797890 
79S443  7985121798582 
799234'  799203 1 799^f 
799823  7998921799961 
800 5 1 r 800580:800648 
8011988012661801335 
801884  8oi952;8o202i 
802568  8026371802705 
80*3252  8033211803389 
S03935  804003*804071 


6I0 
611 
612 

613 
614 
6.5 
616 
617 
618 
619 


785330 
786041 
786751 
787460 
788168 
788875 
789581 
790285 
790988 
791691 


785401; 
7861121 
7868221 

787531! 
788239 
788946 
789651 
790356 
791059 
791761' 


785472 
786183 
786893 
787602 
78831C 
789016 
789722 
790426 
791129 
791831 


785543 
786254 
786964 

787673 
788381 
789087 
789792 
790496 


785615. 
786325 

787035 
787744 
788451 
789157! 
789863; 
790567 


79ii99i79i269; 
79i90ii7qi97i 


620 
621 
622 
623 
624 
625 
626 
627 
628 
629 

630 
631 
63a 
633 
634 
635 


792392 
793092 
793790 
794488 

795185 
795880 
796574 
797268 
797960 
798651 


799341 
800029 
800717 
8014O4 
802089 
802774 

636  J803457 

637  I804139 


638 
639 


804821 
805501 


792462 
793162 
793860 
794558 
795254 
795949 
796644 

797337. 
798029 
798720 

1799409 
1800098 
',800786 
801472 
'802158 
802842 
803525 
804208 
804889 
805569 


792532 
793231 
793930 
794627 

795324 
796019 

796713 
797406 
798098 
798780 

799478 
800167 
800854 
801 541 
802226 
S02910 

803594 
804276 
804957 
805637 
o 


7926021792672 
793301  793371 
7940001794070 
7946971794767 
795393:795463 
796088:796158 
796782I796852; 

797475'797545i 
798167  798236: 
798858798927' 


7856S6 
786396 
787106 
787815 
788522 
789228 

789933 

790637 

791340 
792041 


1785757 
J786467 
1787177 
787885 
1788593 

1789299 
1790004 
790707 
■791410 
.792111 


799547 
800236 
800923 
801609 
50229  5 
802979 
803662 

804344 
805025 
805705 


899616 
800305 
800992 
801678' 
802363 
803047 
803730 
804412 
S05O93 
805773 


792742 
793441 
794139 
794836 

795532; 
796227 
796921 
79:'6i4 

798305 
798996 

799685 
800373 
801060 
801747 
802432 
803116 
803798 
804480 
805161 
805841 


792812 

793511 
794209 
794906 
795602 
796297 
796990 
797683 
798374 
799065 

799754 
800442 
80 II 29; 
801815! 
802500! 
803184! 
803867J 
804548; 
805229; 
805900' 


S04616  8046851804753 
805297  8053651805433 

6O5976  80604418061 i2 


LOGARITHMS  OF  NUMBER^.' 


640 
641 

642 
64  J 
644 
645 
646 
647 
648 
649 


650 
651 
652 

653 
65J. 

655 
656 

657 
658 

b6o 
661 
662 
663 
664 
665 
666 
667 
668 
_669 

670 
671 
672 

673 
674 

675 
666 
67-' 
678 

681 
682 
683 
684 
685 
686 
687 
688 
689 

690 
691 
692 

^^93 
694 
695 
696 
697 
698 
^9 


>__i___i L  ^1^1 


4. 


.(_i_l_l_ 


8o6i£io 
806858 

807<i3  5 
808211: 
808886 
809560 
810233 
8 10904 

81224^ 


8 1 29 1 3 

813581 
S 14248 
8149^3 
815578 
816241 
816904 
S17565 
818226 


8062481 
806926! 
S07603! 
808279! 
808953I 
809627J 
810300J 
810971; 
811642 
8 1 23 12; 

8i29'iioj 
813648! 

S'43'4i 
814980; 

815644; 
816^08 
816970) 
817631; 
81S292: 
818951J 


806316 

806994! 

8076701 

808346! 

809021! 

809694! 

810367 

81 :o38 

811709 

812378' 

8130471 

813714 

814381! 

815046 

815711 

816374 

817036 

817698 

818358 

8  1 90 1 7 


800384 
807061 
807738 
808414 
809088 
809762 

810434 
811106 
811776 
8 1 244 5 1 

813114 
813781 
814447 
815173 
815777 
816440 
817102 
817764 
818424 
819083' 


806451  806519 
807129  807197 
8o78o6;0-^7S73 
8084X11808549 
8091 561809223 
809829  809896 
8105011810569 
8iii73'8ii240 
8ii843{8ii9io 
812512  812579 

8TIT8T 
813848 
814514 


815843 
816506 
817169 
817830 
818490 
819149 


013247 
813914 
814581 
815246 
815910 
816573 
817^35 
817896 
818556 
819215 


J8065871806655J 
1807264, 807332! 
,8079411808008' 
1 808616  808684' 
,'809290  809358: 

;8o9964!8i003ii 
1810(1361810703:" 
I811307  811374J 
j8i 19771812044: 
i8i 264618127 13 

l8i33'4  813381! 
18139811814048 
181464718147141 
1815312  8'i5378 
'''15976  816042 


819544  8196101819675  8 I9741  819807 
820201 '820267; 820333 j 820399  S20464 
8 20858 "8 209241 8209891821055  821120 


821 5 14; 821 579' 82 1644: 8 21 7 10 
8 221 68. 82223 3 1 822299! 822364 
8228221822887  822952  823018 
823474' 823 539; 8236051823670 
824126,824191:8242561824321 
824776! 82484 1^824906! 824971 
825426182549118255561825621 


821775 
822430 
823083 

823735 
8243S6 
825036 
825686 


826075  826 1 401826204! 826269  826334 
826723^82678718268521826917  826981 
827369:827434! 8274981827563  827628 
82801 5' 828080' 828 1441828209  828273 
82866o'828724| 8287891828853  8289^8 
829304  82936818294321829:^97  829561 
8 299 J.7  830011' 830075! 830 1 39  830204 
830589'830653!S3O7i7J83078i  830845 
83  1 230, 83  1 294' 83 13 58 '83 1422  831486 
83 1870' 83  1 9341 83  1 998 183 2062  832126 
83^'509i832573'83i637, 832700  832764 
833147  8332111833275  833338  833402 
833784' 83 3848; 8339 1 2  833975  834039 
854421 :834484>834548  83461 1  834675 
835056:835120  835183  835247  835310 
83 569 1, 83 57 54' 83 58 1 7 {835881  835944 

8 363^:836387183645 1 1^365 14  836577 
836957  83 7020! 83 7083 183714618372 10 
837588  837652!8377i5|837778!83784 
838219  838282  838345  "  " 


838408  838471 

9038I839101 
839667*839729 


838S49  8389121838975 
839478  839541839604 
840106,8401691840232  840294  84035 
840733 :840796'840859!84092i  840984 
84 1 3  59  ^84 14^22' 84 148 5! 841 547  841610 
841985  842047.8421 10842172  842235 
84 2609  84267 2| 84 2 7 34' 842796 '8428 59 
843233. 84329518433 57, 8434201843482 
843855:843918.843980,844042  844104 
844477  844 ^39184460 1  ■844664IS447 26 


8i*9«73 
820530 
821186 
821841 
822495 
823148 
823800 
324451 

825 101 

825751 
826399 
8 27046 
827692 
828338 
828982 
829625 
830268 
830909 
831550 
832180 


816639 
817301 
817962 
818622 
819281 


819939 
820595 
82125c 
821906 
[822560 
I8232I3 
823865 
824516 
825166 
825815 


0 


832828 
833466 
834103 
834739 
835373 
836007 
83664! 
837273 
837904 
838534 
839164 
839792 
840420I 
841046 
841672 
842297 
842921 

843544 
844 1 66 1 
844788 


816705 

817367 
818028 
818688 
819346 


8   I 

806723! 
807400 j 
8080761 
808751! 
809425 ! 
810098I 
8107701 
811441: 
812111J 
812780I 

^T^\ 

8141 141 

814780 

815445 

8161C9 

816771 

817433 
818094 

818754 
819412 


820004 
820661 
821317 
821972 
822626 
823279! 
'23930,823996 
2458 


820070 
820727 
821382 
822037 
822691 
823344 


806790 
807467 
808145 

8o88ii 

8O9492 

810165 

8108371 

811508; 

812178I 

812847: 

8i35'4; 
814181 
814847 
815511 
816175 
816838 
817499 
818160 
81S819 
819478 


s 25 231 
525880 


8264641826528 
827111  827175 
82775718278211 
828402:828467 
829046  82911 1 
829690:829754 
8303321830396, 
830973  831037 
831614  8316781 
832253  832317} 


820136 

820792 

821448 

822103 

822756 

823409 

S 2406 1 1 

824711 

82536 

826010 

8266"^ 


-832892 
833530 
834166 
8348P2 

835437 
836071 
836704 
837336 
837967 
838597 


839227 

839855 
840482 


824646 
825296 
825945 

826593 

827240.827305 

8278861827951 

8285311828595 

829i75J829i39 

829818  82988 

830460 '8305 25 

8311021831166 

8317421831806 

832381  832445 


832956 

833593 

8342 

834866 

835500 

836134 

836767 

837399 
838030 
838660 


839289 
839918 

,840545 
841 109  841 172 

841735:841797 
842360-842422 
842983'843046 
8436061843669 
844229I 844291 
844850:844912 


8330201833083 
833657  833721 

834293  854357 
834929I834993 
8355641835027 
8361971836261 
836830I836894 
837462I837525 
838093  838156 


838723 

839352 
839981 
840608 


838786 

839415 
840043 
S4067 I 


841234  841297 
8418601841922 
8424841842547 
843I081843I70 
8437311843793 
8443 53 1 8444 '5 
8449741849036 


i.OGARITHMS  OF  NUMBER^ 


No. 


0 


5 

846028 
846646 
847264 
847881 
848497 
849112 
849726 
8C0340 
850951 

85  J  564 

852175 

8s3-'85 

853394 
854002 
854610 
855216 
855S22 
856427 
857031 


700 
701 
702 
703 
704 

705 
706 
707 
708 
709 


845160 


845098 
845718 

846337 
846955 

847573 

848189 

8488051 

8494191849481 

850033; 8 50095 

8506461250707 


845780I 
846399 
847017 
847634 
848251 
848866 


710 
711 

712 
713 
714 
715 
7i6 

717 
718 

-Hi. 

720 
721 
722 
723 
724 
725 
726 
727 
728 

229_ 

730 

72'- 
732 
733 
734 
735 
736 
737 
738 
_739_ 
740 

741 
742 

743 
744 
745 
746 

747 
748 

-111 
750 
751 
75  a 
753 
754 
755 
756 
757 
75^ 
759 


8452841845346, 
8459041845966) 
8465231846584! 
847  141!  847202' 
84775818478191 
84837418484351 
848989  849051 
8496041849665 


85i870;85i93i 
852480.852541 
853090:853150 

853698I853759 
854306:854367 

8549'3'854974 
855519I855580 
856124:856185 
856729:856789 


357332:857393 

857935'857995 
858537  858597 
859138,859198 

i59739  959799 
86033S1860398 
860937*860996 
861534I861594 
862i3l'862i9i 
862728  862787 

863323t86jj8l 

8639X7J863977 
864511  864570 
865104  865163 
865696865755 
8662871866346 
S66878J866937 
8674671867526 
8680561868115 
8686441868703 

S6Q232J869290 
869818  869877 
8704041870462 
870989I871047 
871573I871631 
87.2156J872215 
8727391872797 
873321873379 
873902,873960 
874482I874540 

87506118751 19 
87564o'875698 
876218J876276 
876795  876853 
877371  877429 
877947  878004 
878522!878579| 
879096 


845222 
845842 
846461 
847079 
847696 
848312 
84892S 
849542  ..   ...   . 

850156  850217' 850279 
850769J850830J85DS9 

85 1 38^1 
851992 
852602 
853211 
85382c 
854427 
855034 
° 55640 


,8454701845532  845594  845656  ■ 
;846090i846i5i 1846213:846275 


8468321S46894 
847449  84751 1 


848066 


85O83O|fi50*9i 

851442:851503 
852C53;8c2i.4; 
852663  8^27241 
853272,8533331 
853881J853941; 
8544881854549: 
85509 '^1855156 
,.    .    ,855701  855761 

856245J856306I856366 

8568501 8 56910! 856970 

"857453|8575n!857574 
858056J858116  85S176 
858657!8587i8'858778 
859258  859318:859378 
859858  859918*859978 
860458  860518,860578 
861056  86iii6'86ii76 
861654  86i7i4'86i773 
862251  8-623101862370 
862847  862906:862966 

863^42  863701 1 86356T 
864036  864096  864155 
864630  864689864748 
865222  865282J86534X  8&5400 
865814  865874I865933  865993 
866405  8664651866524  866583 
866996  8670551867114  867173 
867585  8676J-4I867703I867762 
868174  868233!S68292|868350 
868762  868821 JS68879! 

869349  86940818694661 
869935  869994I870053! 
870521  87057918706381 
S71106  871164  871223! 
871690  87[748;87i8o6i 
872^73  872331I872389 
872855  872913,872972 

873437  873495P75553 
87401818740761874134' 

8745981  874656!8747_i4i 


846708(846770 

8473261847388 
[847943. ^48004 
J848559I848620  848682 
i849i74i849235!849296 
184978818498491849911 
■85040 1  •8504621 850524 
{85101418510751851136 

1851625:857686(8517471851808 
i 852236  85229718523581852419 
1 852846' 852907 185 2968 (853029 
'853455;8535^6;853576j853637 
,854063  854124J8541 85  854245 
1854670  85473 1I854792I854852 
855277:8553371855398  855459 


8a8i27 

848743 
849358 
849972 
850585 
851197 


1855882  8559431856003 
1856487,8565481856608 
i85709i>57i5i. 857212 


857634 
858236 
858838 
859438 
860038 
860637 
861236 
861833 
862430 
863025 

863620 
864214 


856064 
.^56668 

857272 


'857694  857754:857815  857875 
858297  858357,858417858477 
858898,850958:859018  859078 
859499  859559:859619  859679 
.860098  86oi58'8602i8  860278 
(860697  860757^860817  860S77 
1861295  861355  861415  861475 
j86i893'86i952"8620[a  S6207 
'862489  8625491862608  862668 
j863085- 863 14418632041863263 

: 863680. 863739 1 863 798 1 863858 
.864274=864333:8643921864452 
;864867  864926  864985  865045 
j865459'8655i8i865578  865637 
'8660511866110  866 169 J86622S 
I866642; 866701 ; 866760! 8668 19 
'867232;  86729  [j86:'3  50  J8674G9 
79391867908 


879669 

880242 

0 


8797^6 
880299 

r~ 


875'77 
875756 

876333 
876910 
877486 
878062 

878637 
879211 
879784 
880356 


875235^875293 
8758i3'87587i| 
8763911876449 
876968J877026 
877544  877602] 
878119I878177 
878694!878-5i 
8792661879325 
879841:879898 
880413.880471 


869525 
8701 II 
870696 
871281 
871865 
872448 
873030 
873611 
874192 
874772 

87535^ 
875929 
876^07 
877083 
877659 
878234 
878809 
8793^3 
879956 
88052S 


86782i|8C^/88o:86 
!868409:8&8468iS68527  8685^5 
;868g97j869055;869i 14 


86917 

S 6 9760 
870345 
870930 
8715,5 
72098 


869 5 84, 869642! 869 701 
:870i70i870228J870287 
;87O755!87o8i3i870872 
'87'339'^7i398|87i456 
■871923:8719811872040 
1872506  87256zi!87 2622 1872681 
18730881873 146I8732C4I873262 
i873669'8737_27i873785J87j 
■§74250.874308  8743661874424 
; 874830:874887  874945  875003 

|875409;875466  875524 
1875987i876045jS76i02 


876564:8766221876680 
877J4[j877i98|S77256 
'77717:8/7774! 


87616 

87673 
87731 
889 


878292J878349  S78407  878464 
878866J878924  278981  87903J 
879440  879497  879555187961: 


88ooi3'88oo70  080127 
280585;88o642' 880699 


880185 
0756 

9 


LOGARITHMS  OF  NUMBERS: 


8808141880871 

88i385'88i442 
881955  S8?,OI2 


No.    0   I   1 

760 
761 
762 
763 
764 

765 
766 
767 
768 
769 


883093i883i5C 
883661883718 
8842191884185 
88479518^^852 


t>8o92. 
88)41^0 
8820O9 
88263^* 
883207 

«5^377S 
884342 
884909 


885361  8S54i8{885474 


.^0985 

6^1 


4 
881042 


5561881613 

i82i26|882i83 
S82695I882752 
883264,883321 
8838321883888 
884399,884455 
884965I885022 
8855;i|885587 


881099 
881670 
882240 
882809 
883377 
883945 
884512 
885078 
885644 
8S6209 

886^73 
887054'S87 1 1 11887107  88722318872801887336 
8876 1 7, 887674' 88- 730  887786' 887842: 887898 
888179  8882^6:888292  888348;888404!88846o 
888741:8887971888853  888909' 888965  889021 
889302^889358! 88(^414  889470,889526:189582 
889862  889918  889974  890030J890086I 890 1 41 
890421  8904-71890533  890589} S90644  890700 
8909808910351891091891147 


885926' 885983l8S6039!88bo>^6i886i  52 

88649I 1 886547! 886604  886660' 8867  r6 


770 

771 

772 

773 

774 

775 

776 

777 

778 

779  '89*537  ^9 '593  89*649  89r70j 

7S0  ,892095  S921 50  892206 892262 

781  :892r)5i  892707  892762  892818 

782  18932071893262 

783  !893762|8938i7 

784  ,8943161894371 

785  894870,894925 

786  j895423'89547b 

787  i895975j89603C 

788  :896526|89658i|896636j896692 

789  189707718971 3  2j  897 187! 897242 

897627  897682  897737  897792 


8S1 156 
881727 
88-297 
882866 

883434 
884002 
884569 

885.35 
885700 
886265 


886829 
887392 
8879C5 
888516 

889077 


881213 
881784 

882354 
882923 
883491 


884625 
5192 


881270 
88184] 
88241 
882980 
'^^3548 
5 


884059  8841 

884682 
5248 


i58'3 


885757  88 
886321  886378 

886885  886942 

■^87449  '=87505 
888011I888068 
888573|838629 
889134I889190 
889638!889694'889750 
890 1 97 '890253 1890309 
890756*890812  890868 
'      8914Z6 


892317)892373 
892873  892929 
8y33'8  893373I893429I893484 
893873  893,-28:8939841894039 
894427  894482I894538  894593 
894980  8950361895091  895  146 
''y5533'8955^8:895643|895699 


891203  89125918913 14I891370 
89f76o.89!8i6|89i872!89i928 

8924291892484 


790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
806 
807 
808 
809 

81^ 

8i[ 

812 

8,3 

814 

S15 

816 

817 

gi8 

819 


896085  896140J896195 
896747 
897297 


S98176  898231 
898725I898780 
8992731899328 
899820  8(J9475 


900367 
9OO9  r  3 
90145S 
9O2003 
902547 
903090 
90363^ 
904174 

9047 ' 5 
905256 
905796 

906335 
906873 
90741  I 
907948 

908485J908539 
90902  r909074 
909 5 56 1 909609 
9i0O90j'9i0i44 
91C624J910678 
9111 58J91 121 1 
9u690;9il743 
912222:912275 
912753  912806 
9'3284;9i3337 


900422 
900968 

90 1 5 13 

902057 
902601 

903144 
903687 
904228 
904770 
905310 
905850 
906389 
906927 
907465 

i>o8oo2 


898286I898341 
8988351898890 
899383J899437 
899930J899985 
900476:900531 
901022  901077 
901567  901622 
9021 12  902166 
9026551902710 

903198 
903741 


904283 
904824 
905364 
905904 
906443 
906981 
907519 


903253 
903795 

904337 
904878 


896251 

896802 
897352 

978471897902 
8983961898451 
898944*898999 

899492' 899547 
900039:900094 
900586,900640 
901 13  i'90ii86 
901676:901731 
902221 J902275' 
902764I90281? 

903307I903361 
903849.903903 


8929851893040 
893540  893595 


904391 |90444^ 
9049311904986 
905418I9054V2I905526 
905958  906012,906065 
906497  9065  50. 906604 
90703 5 {907089 1907 142 
907 573 1 907626 '907680 
9080561908109J908163  908217 

908646  908699  908753 


908592 
909128 
909663 
910197 

9'073i 
91 1264 

9'i797 
912328 
912859 
9'3390 
2 


909181  909235  909288 
909716  909770  909823 


910251 

910784 

9"3»7 

911850 
91238J 
912913 
913443 


910304:910358 

910838910891 

911371I911424 

91 1903  91 1956 

9i2435'9i2488|9i254i 

912966  9130191913072 

9f3496  913540913602 


894094 
894648 
895201 

895754 
896306 
896857 
897407 
897657 
898506 

899054 
899602 
900149 
900695 
901240 
901785 
902329 
902873 

903416 
903958 

904499 
905040 
905580 
9c  Si  1^9 
906658 
907196 
907734 
908270 

90S807 
909342 
909877 
9  1 04 II 
910944 
911477 
912009 


894150 
894704 
895257 
895809 
896361 
896912 
897462 

898012 
89856J 
899109 
899656 
900203 
900749 
901295 
901840 
902384 
902927 


391983 
892540 
893096 
893651 
894205 
894759 

895312 
895864 
896416 
896967 
897517 


903470 
904012 

904553 
905094 
905634 
906173 
906712 
907250 
907787 
908324 
908860 

909395 
909930 
910464 
910998 
911530 
912063 
912594 
913*^5 
913655 


898067 
898615 
899164 
899711 
900258 
900804 
901349 
901894 

902438 
902981 

903524 
904066 
9O4607 
905148 
905688 
906227 
906766 
907304 
907841 
908378 


88132S 
88189! 
882468 
883037 
883605 
884172 

884739 

885505 

885870 

886434 

886998 

88756J 

888123 

88868$| 

889246 

S89806 

890365 

890924 

89148: 

892039 


■'J  I 

70  \ 

d 


908914 
909449 
909984 
91051" 
91 1051 
9 1 1584 
912116 
912647 

9i3'7S 
913708 


8 


892595 

893151 
893706 
894261 
89481^ 
895367 
895920 
896471 
897023 
89757a 

122 

898670 
899218 
899766 
900312 
900858 
901404 
9O1948 
902492 
903036 

903578 

904120 

90466  I 

905202 

905742 

9062 

906 8 20 

907358 

907895 
908431 

908967 
909502 

910037 

910571 
9 1 1104 

911637 
912169 
912700 
913231 
913761 


lOGARITHMS  OF  NUMBERS. 


\T 


"820 
821 

82^ 
823 
824 
835 
826 
827 
828 
829 
TJo" 

Sjr 
832 
"833 
834 
835 
836 

837 
838 

lit 
S40 
841 
842 

843 
844 
845 
846 
847 
848 
849 


860 
861 
862 
863 

864 
865 
866 
867 
868 

iZi. 
870 
871 
872 

873 

874 

87s 
876 

8-7 

S78 

S-9 


913814  913867  913920 

'914343  9H396,9'4449 
9I4872I9I4925  914977 

915400  915453 '91 5505 
915927  915980:916033 
9x6454  916507:9 [6559 
916980  917033 
917505  917558 
918030  918083 
918555  918607 

91^078  919130 


91397319H026 
914502  91455s 


9 1 960 1 
920123 
920645 
921166 


9'9653 
920175 
920697 
92121" 


921686  921738 
922206  922258 
9227251922777 
923244  923296 
9237621923814 

9242791924331 
9247961924848 
925312J925364 

925828  925879 
9263421926394 
926857I926908 
927370^^27422 
9278831927935 
028396J928447 
9289081928959 


917085 
917610 

918135 
918659 

9.9183 
919705 
920228 

920749 
921^70 
921790 
922310 
922829 
923348 
923865 

924383 
924899 

925415 
925931 
926445 
926959 

927473 
927986 
928498 
929010 


929419J929470  929521 
929930  929981  930032 

930440193049'  930541 
930949.931000  931051 

93i4S8;93r509  9315^0 
931966J932017J932068 
932474:932524:93257, 
93298'j93303ii933082 
933487  9335381933588 
9339 93 1 934044  934094 

9344981934549  934599 
935003I935054  935104 
935507:935558  935608 
936011,936061  9361 1 1 
9365i4'936564  936614 
937016  937066  937116 
937518  937568.937618 
938019  938069.938119 
938520  938570J938620 
939020, 939070!'939t20 

939519  939569'9396i9 
9400 1 8  940068  i 940 1 1 8 
740516  9405661940616 
941014  941064 '94 1114 
941511  9415611941611 
942008  942058  942107 
942504  9425541942603 
943000  943049:943099 
943494  943544,943593 
943989  944038:9440  8 

0    I  i     2 


915030 

915558 

916085 

91661Z 

917138 

917663 

9181 

918712 

919235 

9197 

920280 

920801 

921322 

921842 

922362 

92f!88i 

923399 
923917 


924434 
924951 

925467 
9259^2 
926497 
92701 1 
927524 
928037 
928549 
929061 

929572 
930083 
930592 
931102 
931610 
932118 
932626 
933133 
933639 
934145 


915083 
915611 
916138 
916664 
917190 
917715 
918240 
918764 


914079914131  9141841914237  914290 
914608  914660  9147131914766,914819 
915136  915189  915241  9i5294'9i5347 


9192 
919810 

920332 
920853 

921374 
921894 
922414 
922933 

923451 
923969 


934650 
935154 
935658 
936162 
936664 
937167 
937668 
938169 
938670 
939170 


939669 
940168 
940666 

941163 
941660 

942157 
942653 
943148 
943643 

944' 37 


924486 
925002 
925518 
926034 
926548 
927062 
927576 
928088 
928601 
929112 

929623 

930134 
930643 

931153 
931661 
932169 
932677 
933183 
933690 
93419s 
934700 
935205 

935709 
936212 

936715 
937217 
937718 
938219 
938720 
939220 

939719 
940218 
940716 
941213 
941710 
942206 
942702 
943198 
943692 
9441 86 


^915664  915716  915769 
916191  9 16243  591 6296 
916717  916770  916822 
917243:917295  917348 
9i7768;9i7820  917873 
9i8292'9i8345  918397 


918816,918869 

9193401919392 
919862I919914 
9203841920436 


918921 
919444 

919967 
920489 


920906 
921426 
921946 
922466 
922985 
923503 
924C21 


1^20958  921010 
921478  921530 
921998I922050 
922518 
923037 
923555 
924072 


915822:915874 
916349J916401 
9i6875i9i'6927 
91740OJ917453 
917925  917978 
9184501918502 
918973  919026 


919496 
920019 
920541 
921062 


919549 
920071 
92C593 
9211 i4 


924538 
925054 
925570 
926085 
9266CO 

927114 

927627 
928140 
928652 
929163 


929674 
930185 
930694 
931203 
931712 
932220 
932727 
933234 
933740 
934246 

934751 
935255 
935759 
936262 
936765 
937267 
937769 
938269 
938770 
939270 
939769 
940267 
940765 
941263 
941760 
942256 
942752 
943247 
943742 
944236 


924589 

925106 

92562 

926137 

926651 

927165 

927678 

928191 

928703 

9292^4 

929725 
930236 
930745 
931254 
931763 
932271 
93277S 
933285 

933791 
934296 

934S01 
935306 
935809 

936313 
936815 

937317 
937819 

938319 
938820 

939319 

939819 
940317 
940815 

941313 
941809 
942306 
942801 
943297 

943791 
9442XJ 

6 


922570 
923088 
923607 
924124 


924641 

925157 
925673 
926188 
926702 
927216 
927730 
928242 

928754 
929266 

929776 
930287 
930796 
931305 
931814 
932321 
932829 
933335 
933841 
934347 

934852 
935356 
935860 

936363 
936865 

937367 
937869 
938370 
938870 
939369 
939868 
940367 
940865 
941362 
941859 

942355 
94285. 

943346 
943841 

94433  5 


921582  921634 
922102  922154 
922622)922674 
923140I923192 
923658!9237io 


924176 


924693 
925209 
925724 
926239 
926754 
927268 
927781 
928293 
928805 
929317 


924228 


929827 
930338 


950847)^30898 

931356 

931864 

932372 

932879 

933386 

933892 

93439 


934902 
935406 
935910 
936413 
936916 
937418 
937919 
938440 
938920 
939419 


939918 
940417 
940915 
941412 
941909 
942405 
942900 
943396 
943890 

944384 


924744 
925260 
925776 
926291 
926805 
927319 
927832 

928345' 
928856 
929368 


929878 
930389 


931407 

931915 

932423 

93293 

933437 
933943 
934448 

934953, 
935457 
935960, 
936463 
936966 
937468 

937969 
938470 
938970 
939469 


939968 
940467 

940964 
941462 
941958 
942454 
942950 
943445 
9439J9 
944433 
9 
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880 
881 
882 
883 
884 
8S5 

886 

887 
888 
8S9 


0 


9445321944581 
9450251945074 
945518194556- 


944485 
944976 
945469 
I945961 
1046452 
1946941 

947434  947483  94753 

947924,9^7973:948021 

94841^1948462194851 1 


944631 
945124 
945616 


944680 

945'73 
945665 


9460 10' 94605 9j 946 108 1  946  I  5 
946501*946550  946600,946649 
946992  947041194-090  947159 


690 
891 
892 

893 
894 
895 
896 
897 
898 
899 
900 
qot 
902 

903 

904 
905 
906 
907 
908 
909 


9489^02 

949390 
949878 


94758 
948070 
948560 
9429511948999  949048 
949439|949488i949536 


950024 
950511 
950997 
9514^3 


944729 
945122 

9457 > 5 
946207 
946698 
947189 
947679 
948168 


947630 

948119   . 
948608  948657  ,. 
949097I949146  949195 


944779 
945272 
945764 
946256 
946747 
94:238 
947728 
948217 
948706 


950560 
951046 
95'53: 


949926:949975 
950365  950413:950462 
950851  95O900195O949 
95'337  9513861951435  y,-^^^  y,  ,,- 
95  i823'95i872i95i920  951969  952017 
95230819523 56'952405  952453  952502 
95 2792I 9 52841  95288919529381952986 
953276  955325  953373i95342i  953470 
953^60  953S08  95 3856,9 53905! 953953 


9495851949634 
950073  950121 


950608 
951095 
951580 
952066 
952550 
953034 
9535'8 
954001 


9542421954291  95J339  95438719544351954484 
954725i954773i954^2i  954869  954918  954966 


955206^9552551955303 
955688:955736  955784 
9  56  168^9562  16  9561-^64 
956649  956697  956745 
957.281957176:957224 
9576071957655  957703 

958086  958i34'958i8i 


95535'i955399  955447 
955^32  955880  955928 
9563 12I956361  9564O9 
9567921956840:956888 
9572721957320:957368 
95775'  9577991957847  _  _ 
958229  958277  958325  958373 


949683 
95017c 
950657 
951143 
951629 
952114 
952599 
953083 
953566 
954049 

954532 
955014 

955495 
955976 
956457 
956936 
957416 
95-7894 


944828 
945321 
9458 -'3 
946305 
946796 
947287 
947777 
948266 

948755 
949244 

949731 
950219 

950705 
951192 

95'677 
952163 
952647 
953131 
953615 

954098  

954580  954628 


944877 
945370 
945862 

946354 
946845 
947336 
947826 

948315 
948804 
949292 

9497S0 
950267 

950754 
951240 


95 


1726 


952211 
952696 
953180  _. 
953663I953711 


9 

94492; 

9454" 

94591 

94640: 

9465?9. 

94738; 

94787* 

94836^; 

94885: 

949  34J 

94982c 

9  503i( 

95080: 

9512:" 

951774 
95225c 

952744 
95322S 


954146 


955062 

955543 
956024 


955110 

955592 
956072 


950000  9501 34'95ft 161  950229: 956277  955325 195 
958564  95£6i2  958659  9587071958755  958803I9- 


9565051956553 
956984  957032 


957464 
957942 
9584*3 
958898 

95937SJ9594-3 

959852  959900 

96o328!960376 


9575^1 
957990 
958468 
958946 


954194 

954677 
955158 
95564c 
95612c 
95660] 
95708c 

957559 
958038 

9585J( 

95S994; 

95947 

959947, 

960423, 

960899: 

961374, 

961848 

962322, 

96279$! 
1963268 


.959041  959089  959 137 j959 1 84' 9 59232:9592801959328 
.959518959566  959614  95966 1 !9 59709^9597 57 1959804 
1959995,960042  960090  9601 38J9601 8 5 '9602332960281  9oo3  2o;9Duj7C3 
J960471  960518.960566  9606  13; 96066  1,960709 19607 56 196080^4  960851 
1960946! 960994' 96 1 041  96! 089' 96 1 1 36 '96  I  1 84; 96  1 231 196 1 279  961326 
'.96145, 1 '961469  961 5  16 1961  563i 96 161 1  961658:961706:961753  961801 
19618951961943  961990*962038  96208 5 '9621 32962i8o'962227 1962275 
1962369  962417  962464'9625i 1)962559  9626061962653  9627011962748 
J962843  962890  96293719629851963032  9630791963  1 265963  174'963 22 1 190 J7.D0 

963315  963363 19634 'O  963457:963504  963 5 52 J9635991963646  9636931963741 
;963788  963835^963882  963929  963977  964024:964071  964118  964 165 196421 2 
■964260  964307  9643 541964401 1964448 ;964495|964542l964590  964637:964684 
,964731  964778  964825  964872! 9649 1 9 '964966 196501 3 J965060  965108(965155 
'965202,965249:965296!965343'965390'965437|965484i965.^3  1:965578.965625 
1 965672  965719:965766  965813(965860  965907  9659541966001:9660481966095 

966142  966189  966236;966283j9.66329!966376  966423  96647019665  17I966564 
I96661 1  966658  966705I966752I966798  966845^966892  966939'966986!96-'C33, 
: 967080  967127  967173  96"'22o: 967 267  9673141967361  967408; 967454|967  50r 
,967548  967595  96764219676881 96773 5 1967782 '96-78 29! 96787 5  96792219679691 
',968016  968062  968109*9681  561 968203 '968249  0681961968343196838919684361 


1968183  968530  9685761968623 1968670  t;687  16 '968763 19688 10I968856J968903 
{968950  968996.  969043 ;96909o| 969 1 36  969 183 1969229I 969276  9693231969369 
1 9694 16  969462  969 5091969 5 56 1969602  969649 19696951 969742: 969- 88 '969835 

.969882  9699  28"  96997  5  '^-•^^'  •  i"-.^^AO ..■ /:.! ■ > « 

;970347,970393'97044o 
9708121970858  970904 
971276  971322:971369 
9717401971786  971832 
972203,972249  972295  ,,  ^^_ 
972666; 9727 12. 97 2758 1 972804 


970021  1970068  9701  14 '970161  07O2O-' '9702541970300 

970533 '970579  970626|9'7o672^  9707  191970765 
9709971971044  07 1090197  1 1 37 !97H 83 {971229 
971461 1971508  97 1554! 9-- 1600. 97  1647; 97 1 693 
97 1925 ,97 197  I  9"' 20 '8;  9-' 2064  9721  lol 97 2 1 56 
972388.972434:972480  972527  9725^3:972619 


970486 
970951 

97'4>5 
971879 

972342 


0 


1   I 


97- 


'2S9' 
5 


1972943 
I   6 


97 2989. 97303 5 1 97 3082 
8' 
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No. 

940 
941 
942 
943 
944 
94  S 
946 

947 
948 

_949_ 

950 

951 
952 

953 
954 
955 
956 

957 
958 

959 
960 
961 
962 

963 
064 
965 
1966 
967 
968 
'969 


'970 
^71 
^72 

•973 
|974 
975 
976 

977 
^78 

^71. 
980 
981 
982 

?83 
984 
985 
^86 
)87 
)88 

liL 

191 
192 
193 
194 
}9S 
)96 

'97 
198 
•99 


9731 

973590 

974051 

974512 

974972 

975432 

975891 

976350 

976808 

977266 

977724 
978180 
978637 
979093 
979548 
980003 
980458 
980912 

1365 
1819 

982271 

982723 

983r75 
983626 
984077 
984527 
984977 
5426 

985875 
986324 

986772 
987219 
987666 
988rij 
988559 
989005 
989450 
989895 

990339 
990783 
991226 
991669 
99211 1 

992553 
992995 
993436 
9938-7 
<^943«7 
994757 
995196 

995635, 
996074: 
996512 
996949J 
997386I 
9978231 
998259 
998645 
999130 
999565 
() 


973174 
973636 
974097 
974558 
975018 
975478 
975937 
976396 
976854 
977312 


973220.973266 

973682  973728 
974H3!974i89 
974604.974650 
9750641975  "O 
9755241975570 
975983  976029 
976442I976487 
976900I976946 
9773581977403 
977815  977861 
978272I978317 
978728  978774 


977769 
978226 
978683  ,.  . 
979il8|979i84i979230 
979594i979639!979685 
980049 J980094I980140 
980503 1 980549  980594 
9809 57 j 98 1003 J98 1048 
981411  981456J981501 
9818641981909  981954 


982316:9823621982407 
98276919828141982859 
983220)983265  983310 
983671I983716  983762 
9841221984167  984212 
984572:984617  984662 
985022.985067  985112 
985471I985516  985561 
985920:985965  986010 
569i9864i3;y86458 


973313 

973774 
974235 
974696 

975156 
975616 
976075 

976533 
976991 

977449 


973359  973405 
973820J973866 


974281  974327 
974742  974788 
975202  975248 
975661  975707 
976121  976(66 
976579  976625 
977037  977083 
977495  977541 

977906  977952;977998 
978363  978409  978454 


973451 
973913 

974373 
974834 
975294 

975753 
976212 
976671 
977129 
977586 


979275 
979730 
185 


978865 


97e9i  r 
979366 
979821 


979321 
979776 

980231' 980276 
9806401 980685; 980730 
98109319811391981184 
981547  981592I981637 
2060:982045  982090 
982497  982543 
982949I982994 
983401  983446 

983852I983897 

9843G2J984347 

9-4752*984797 


9868i6'98686i.986906 
■72641987309  987353 


987711.987756 
9881571988202 
988603J988648 
9890491989094 
989494  989539 
989939I989983 
990383 I9904 


987800 
988247 
988693 
989138 
989583 
990028 
990472 


H52 
982904 
983356 
983807 
984257 
984707 
9851;" 
98^606 
^^6055 
9S6503 


9/S04 

978500 

978956 

9794^2 

979867 

980322 

980-76 

981229 

981683 

982135 


986951 
987398 
987845 
988291 

908737 
Q89183 
9S9628 
99C072 


985202)985247 
9^5651)985696 


986100I986144 
985548I986593 


986995-987040 
987443i987487 
98789o;98f7934 
988336^98838 . 
988782  988826 
989227:9^9272 
989672  989717 
9901171990161 


99082799o87t 19909161990960 

991270I991315  991359 
99i7i3i99i757|99i8o2 
992r56;992200j992244 
992 5 98 '992642 I 9926 86 


990516  990561J990605 


9930391993083 
99348o|993524 
993921 J993965 
99436 1 1994405 
9948011994845 
995240*995284 

9956791995723  995767 
996117)996161  996205 
996555J996599  996643 
996993 !99~037  997080 
997430.997474  997517 
997S67I997910J997954 
998303  998346I998390; 
998739  998782i998826| 
999i74;9992i8i99926i" 
999609  ■  99^6^52 1 999696 
1   I"  2   I   3 


991403 
991846 
992288 
992730 
993172 
993613 
994053 


I- 
991004  991049 


991448  991492 
99(890  991934 

992333  992377 
992774  992818 
993216  993260 
993657  993701 
994097  994141 


993127 

993568 

994009 

9944491994493 1 994537:99458 

994889:994933 

9953281995372 


994977  995021 
995416  995460 


995811  995854.995898 
996249J996293  996336 

996687j99(i73oi996774 
9971241997 i68;9972i2 
9975611997605997548 
9979981998041  998085 
9984341998477,998521 
9988691998913  998956 
999305  999348  999392 
999739  999783  999826 

'4   I   5   i.  6 


982588 
983040 
98340 

98394 
9S4392 
9:^484  i 

9"^i2^2 

935741 
986189 
986637 

987085 
987532 
987979 
988425 

98887t 
989316 
989761 
990206 
990650 
991093 


991536 
991979 
992421 
992863 
993304 
993745 
994185 
994625 
995064 
995504 


U95942 

996380 
996818 
997255 
997692 
998128 
998564 
999000 

99943  5 
999S70 


973497 
973959 
974420 
974880 
975340 
975799 
976258 
976717 

977175 
977632 

972^089 
S546 
9-9002 
97945T 
979912 
980367 
5821 
981275 
981728 
82181 

82'633 
983085 
983536 
983987 

84437 

985786' 

86234 

986682 

987130 
7577 
988024 
'470 
988945 
9361 
989806 
99025c 
990694 
991137 
991580 
992023 
992465 
992907 
993348 
993789 
994229 
994669 
995108 
995547 


973543 
974005 
974466 
974926 
975386 

975845 
976304 
976762 

9' 7-20 
9-767! 

978"ir5 
9:8591 

9-9047 

9795P3 
979958 
980412 
980067 
981320 
981773 
982226 


9^267: 
983130 
983581 
984032 
984482 
984932 
985382 
985'^30 
986279 
«672: 


995986 
996424 
996862 
997299 

997736 
998172 
99S608 
999043 
999478 

999^J^ 
8^ 


987174 
987622 
988068 
988514 
988960 
989405 
989050 
990294 
990738 
Q91182 
991625 
992067 
992505 
992951 
993392 
993833 
994273 
994713 
995152 

995591 


996039 

996468 

99690; 

997343 

997779, 

998216 

998652 

9990^ 

999522 

939957 


A 


TABLE  2. 


Logarithmic  Sines^  Tangents^  and  Secants. 

'ftis  table  contains  the  logarithmic,  or,  as  they  are  sometimes  call 
ed*  I  he  artificial  sines,  tangents,  and  secants,  lo  each  degree  and  min 
lite  of  the  quadrant,  with  their  complements  or  co-sines,  co-tangems 
5iiid  co-secants,  lo  six  places  of  figures  besides  the  index. 

To  Jind  the  Logarithmic   Sine,    Co-Sine,  ^c.  of  any  A^umber  of  Degree 

and  Minutes. 

If  the  given  degrees  be  under  45,  they  are  to  be  taken  from  the  to] 
and  the  minutes  f  om  the  left  side  column,  opposite  to  which  in  ths 
column  with  the  name  of  the  logarithm  at  the  top,  will  be  found  th 
required  logarithm.  But  if  the  degrees  be  more  than  45,  they  will  b 
found  at  the  bottom  of  the  page,  and  the  minutes  in  the  right  sid 
column  ;  likewise  the  name  of  the  logarithm  is  to  be  taken  from  th 
bottom  of  the  page. 

When  the  given  degrees  exceed  9C,  th^y  are  to  be  subtracted  froi| 
180  degrees,  and  the  logarithm  of  the  remainder  taken  out  as  beibr" 
Or  the  logarithmic  sine,  tangent,  Sec.  of  degrees  more  than  90,  is  iY 
logarithmic  co-sine,  co-tangent,  Sec.  of  their  excess  above  90  degree: 

EXAMPLES. 


o     ' 

logarithm^ 

iRequired  the  log.  sine  of     36  Cf2 

9.774729 

co-sme  of        61    18 

9.681443 

tangent  of      54   17 

10.143263 

co-tang,  of      42  50 

10.0.>2877 

secant  of         19  27 

10.0255  19 

co-secant  of  70  33 

10.025519 

sine  of           108  361 

or  sine  of            71  V4  V 

9.976702 

or  co-sine  of       18  36  J 

To  find  the  Degrees  and  Minutes  nearest  corresponding  to  a  given  Log^ 
rithmic  Sine,  Co"sinc,  6'c. 

Look  in  the  column  marked  at  the  top  or  bottom  with  the  name 
the  ;;iven  logarithm,  and  when  the  nearest  to  it  is  found,  the  corre 
poijding  ^Icgrees  and  minutes  will  be-  those  required,  observing  th- 
when  the  name  is  at  the  top  of  the  column,  the  degrees  are  to  be  ta' 
en  ttom  the. top  arcl  the  minutes  from  the  left  side  column,  but  if  t 
name  is  at  the  boitom,  the  corresponding  degrees  will  be  there  lik' 
Wise;  aAci  the  n(iinutet>  ia  the  right  side  column. 
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EXAMPLES. 

The  degrees  and  minutes  corresponding  to  the 

log.  sine     9.265390  are   lOo   37' 
co-sine       9.328461  70      15 

tangent     9.70156  26     42 

secant      10.25413  56       9 

The  logarithmic  sines,  &c.  taken  out  to  degrees  and   minutes   only 

are  in  general   sufficiently   accurate,  but  in  some  otthe  more  rigid  as- 

I'  tronomical  calculations,  it  is  frequently  necessary  to  take  them  out  to 

f  the  nearest  second  ;  when  this  is  the  case  tliey  are  to  be  found  in  th& 

I  following  manner  : 


To  Jlnd  the  sine,  tangent,  is'c.  of  afi  arch  ex/irsssed  m  degrees,  mmutC9 

and  seconds. 

Rule. 

Find  the  sine,  tangent,  Sec.  answering  to  the  given  degree  and 
minute,  and  also  that  answering  tothe  next  greater  minute  ;  multiply  the 
difference  between  them  by  the  given  numberof  seconds,  and  divide  the 
product  by  60  ;  then,  the  quotient  added  to  the  sine,  tangent,  Sec  of 
the  given  degree  and  minute,  or  subtracted  from  the  co-sine,  co-taii« 
gent,  Sec.  will  give  the  quantity  required,  nearly. 

If  the  arch  be  less  than  three  degrees,  it  will  be  necessary  to  use  the 
following  rule  : — 

To  the  arithmetical  complement  of  the  given  degrees  and  minutes^ 
reduced  to  seconds,  add  the  logarithm  of  the  given  degrees,  minutes^ 
and  seconds,  reduced  to  seconds,  and  the  log.-sine,  tangent,  Sec.  of  the 
given  degrees  and  minutes,  the  sum,  rejecting  10  from  the  index,  will 
be  the  log.-sine,  tangent,  Sec.  of  the  proposed  number  of  degrees, 
minutes,  and  seconds. 

Tojind  the  degrees,  minutes,  and  seconds^  answering  to  a  given  logarithmic 

sine,  tangent,  \^c. 

Rule.  ^ 

Find  the  degrees  minutes  and  seconds  answering  to  the  next  less  Idga- 
rithmic  sine,  tangent,  Sec.  which  subtract  from  that  given  ;  multiply  the 
remainder  by  60,  and  divide  the  proauct  by  the  diffei-ence  between  the- 
next  less  and  next  greater  logarithms,  and  the  quotient  will  be  the  se- 
conds to  be  annexed  to  the  degrees  and  minutes  before  found. 

If  the  ^;iven  logarithm  is  that  of  the  sine  or  tangent  of  a  small  arch — 
then,  to  the  arithmetical  complement  of  the  next  less  logarithm  in  the 
tables,  add  the  given  logarithm,  and  the  logarithm  of  the  degrees  and 
minutes,  in  seconds,  answering  to  the  next  less  logarithm,  the  sum,  re- 
jecting radius,  will  be  the  iogarithiA  of  the  number  ©f  secQnds  in  the 
reg^uired  arch. 


22 


LOGARITHMIC  SINES; 


Sine  0  De.^ree. 

M 
O 

0" 

10" 

20" 

30" 

40" 

1    50"   .    i 

5.685575 

5.986605 

4162696 

6.287635 

6,384545 

59 

I 

6.463726 

6.530673 

6  588665 

6.639817 

6.6S5575 

6.726967 

58 

2 

6.764756 

6.799518 

6.831703 

6,861666 

6.889695 

6.916024 

57 

3 

6.940847 

6.964328 

6.986605 

7-007794 

7.027997 

7.047303 

56 

4 

7.065786 

7.083515 

7.100548 

7.116938 

7-132733 

7.147973 

55 

5 

7.162696 

7.176936 

7.190725 

7.204089 

7.217054 

7.229643 

54 

6 

7.241877 

7-253776 

7.265358 

7.276639 

7.287635 

7.298358 

53 

7 

7.308824 

7-319043 

7.329027 

7.338787 

7-348332 

7.357672 

52 

8 

7.366816 

7.375770 

7-384544 

7-393145 

7.401578 

740^850 

51 

9 

lO 

7.417968 

7-425937 

7-433762 

7.441449 

7.449002 

7-456426 

50 

7-463725 

7.470904 

7.477966 

7.484915 

7-49 '754 

7.498487 

49 

1 1 

7.505118 

7.511649 

7-5'So83 

7.524423 

7.530672 

7.536832 

48 

J2 

7-5429'^6 

7.548897 

7.554806 

7-560635 

7-566387 

7.572065 

47 

13 

7.577668 

7.583201 

7.588664 

7.594059 

7.599388 

7.604652 

46 

H 

7.609853 

7.614993 

7.620072 

7.625093 

7.630056 

7634963 

45 

i6 

7.639816 

7.6446(5 

7.64936c 

7.654c  56 

7.658701 

7.663297 

44 

'5 

7.657844 

7.672345 

7.676799 

7.681208 

7.685573 

7.689894 

43 

»7 

7-694173 

7.698410 

7.702606 

7.706762 

7,710879 

7-7«4957 

42 

j8 

7  718997 

7-''?-2999 

7.726965 

7.730896 

7-73479* 

7.738651 

41 

19 

7.742477 

7.746270 

7.750031 

7.753758 

7-757454 

7.761119 

40 

20 

7-764754 

7.768358 

7.771952 

7-775477 

7.778994 

7-782482 

39 

21 

7-785943 

7  789376 

7-792782 

7.796162 

7.7995M 

7.802843 

38 

22 

7.806146 

7.809423 

7.812677 

7.8.5905 

7.819111 

7.822292 

37 

23 

7.825451 

7.828586 

7-831700 

7.834791 

7-S37860 

7.840907 

36 

24 

7-843934 

7.846939 

7.849924 

7.852888 

7-855833 

7.858757 

35 

25 

7. 861662 

7.864548 

7.867414 

7.870262 

7.873092 

7.875902 

34 

26 

7.87X695 

7.881470 

7.884228 

7.886968 

7.889690 

7-892396 

33 

27 

7  895085 

7.897758 

7.900414 

7.903054 

7905678 

6.908287 

32 

28 

7.910879 

7-913457 

7.916019 

7.918566 

7.921098 

7  923616 

3t 

29 

7.926119 

7  0Z8608 

7.931082 

7-933543 

7.935989 

7-938422 

30 
29 

30 

7.940842 

7.943248 

7.945641 

7.948020 

7.950387 

7.95274: 

31 

7-955082 

7-957410 

7-959727 

7.962031 

7.964322 

7.966602 

28 

32 

7.968870 

7.971126 

7-973370 

7.975603 

7.977824 

7.980034 

27 

33 

7.982233 

7.984421 

7.986598 

7.988764 

7.990919 

7.993064 

26 

34 

7-995198 

7.997322 

7.999435 

8.001538 

8.003631 

8.005714 

25 

35 

8.007787 

8.009850. 

8.01 1903 

8.013947 

8.015981 

8.018005 

24 

36 

8.020021 

8.022027 

8.024023 

8.026011 

8.02-989 

8.029959 

25 

37 

8.031919 

8.033S71 

8.035814 

8.037749 

8,039675 

8.041592 

22 

38 

8043501 

8.045401 

8.047294 

8.049178 

8.051054 

8  052922 

21 

_39_ 
40 

8.054781 

8.056633 

8.058477 

8. 060  j  14 

8.062142 

8.063963 

20 

8.065776 

"8.067582 

8.069380 

8.071171 

8.072955 

8.074731 

»9 

41 

8.076500 

8.0-8261 

8.080016 

8.081764 

8.083504 

8.085238 

18 

42 

8.086965 

8.088684 

8.090398 

8.092104 

8.093804 

8.095497 

17 

43 

8.097183 

8.098863 

8.100537 

8.102204 

8.103864 

8.105519 

16 

44 

8.107167 

8  108809 

8,110444 

8.112074 

8.113697 

8.115315 

15 

45 

8. 1 16926 

8.118532 

8,120131 

8.121725 

8.1233.3 

8.124895 

14 

46 

8.126471 

8.128042 

8.X29606 

8.131166 

8.132720 

8.134268 

13 

47 

8.135810 

8.137348 

8  138879 

8.140406 

8,141927 

8.143443 

12 

48 

8.144953 

8.146458 

8.147959 

8.149453 

8,150943 

8.152428 

II 

49 
50 

8.x  53907 

8.155382 

8.156852 
8  165566 

8.158316 

8.159776 

8.16123  1 

10 

8.162681 

8.164126 

8.167002 

8-168433 

8.169859 

9 

5« 

8.171280 

8.172697 

8.17.M09 

8.175517 

8.176920 

8.178319 

8 

52 

8.179713 

8.181102 

8.182488 

8.183868 

8.185245 

8.1866.7 

•n 

53 

8.187985 

8.189348 

8.190707 

8.192062 

8,193413 

8.194760 

6 

54 

8.196102 

8.197440 

8.198774 

8.200104 

8.201430 

8.2027:,2 

5 

55 

8.204070 

8.205384 

8.206694 

8.208000 

8.20930Z 

8.2it»6oi 

4 

56 

8.211895 

8.213185 

8.214472 

8,215755 

8.217034 

8.218309 

3 

57 

8.219581 

8.220S49 

8.222113, 

8.223374 

8.224631 

8.2258S4 

2 

58 

8.227133 

8.228380 

8.229622 

8.230861 

8.232096 

8.2333=« 

1 

59 

8.234557 

8.235782 

8.237003 

8.238221 

8.2394-:6 

8.240647 

0 

60" 

50" 

40" 

30" 

20"   1 

IC   1 

M 

eo-sine.  §9  Degrees. 


LOGARITHMIC  TANGENTS. 
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Tangent  0  Degree, 


O 

0'' 

10" 

20" 

30-' 

40" 

50" 

59 

5.6S5575 

5.986605 

6.162696 

6.287635 

6.384545 

1 

6.463726 

6.530673 

6.588665 

6.639817 

6.685575 

6.726968 

58 

2 

6.764756 

6.799518 

6.831703 

6.861666 

6.889695 

6.9x6024 

57 

3 

6  940847 

6.964529 

6.986605 

7.007794 

7.027998 

7.047303 

56 

4 

7-06578& 

7.083515 

7.1C0548 

7.116939 

7-132733 

7-147973 

55 

5 

7.162696 

7.176937 

7-190725 

7.204089 

7.217054 

7.229643 

54 

6 

7.241878 

7-253777 

7-265359 

7.276640 

7.287635 

7.298359 

53 

7 

7.30S825 

7-319044 

7-329028 

7.338788 

7-348333 

7.357673 

52 

8 

7.366817 

7.375772 

7.384546 

7-393146 

7.401579 

7.409852 

51 

9 

10 

7.417970 

7-4^5939 

7-433764 

7-441451 

7.449004 

7.456428 

50 

7-463727 

7.470906 

7.477968 

7.484917 

7.491756 

7-498490 

49 

II 

7.505120 

7.511651 

7.518085 

7.524426 

7-.  5  3067  s 

7-536835 

48 

12 

7  542939 

7.548900 

7.554808 

7.560638 

7.566390 

7.572068 

47 

13 

7-577671 

7.583204 

7-588667 

7.594062 

7599391 

7.604655 

46 

14 

7.609857 

7.614996 

7.62Q076 

7.625097 

7.630060 

7-634968 

45 

IS 

7.639820 

7.644619 

7.649366 

7.654061 

7.658706 

7.663301 

44 

i6 

7.667849 

7.672350 

7.676804 

7.681213 

7.685578 

7.689900 

43 

17 

7.694179 

7  698416 

7.702612 

7.706768 

7.710885 

7.714962 

42 

i8 

7.719003 

7.723005 

7.726972 

7.730902 

7-734797 

7-738658 

41 

19 

7j742484_ 

7.746277 

7.750037 

7-753765 

7.757462 

7.761127 

40 

20 

7.764761 

7.768365 

7.771940 

7-775485 

7.779002 

7>7824c<v) 

39 

21 

7.785951 

7.789384 

7.792790 

7.796170 

7-799524 

7.802852 

J8 

22 

7.806155 

7.80943^ 

7.812686 

7.815915 

7.819120 

7.822302 

37 

23 

7.825460 

7.828596 

7.831710 

7.834801 

7.837870 

7.840918 

36 

24 

7-843944 

7.846950 

7.849935 

7  852900 

7.855844 

7.858769' 

35 

25 

7.861674 

7.864560 

7.867426 

7.870274 

7. 873104 

7.875915 

34 

26 

7.878708 

7.881483 

7.884240 

7.886981 

7.889704 

7.892410 

33 

27 

7.895099 

7.897771 

7.900428 

7.903068 

7.905692 

7.908301 

32 

28 

7.910894 

7-913471 

7.916034 

7.918581 

7-921113 

7-923631 

31 

29 

30 

7.926134 

7.928623 

7.931098 

7-933  5  59 
7-948037 

7.936006 

7-938439 

30 
29 

7.940858 

7-943265 

7-94^657 

7.9S0404 

7.952758 

31 

7.955100 

7.957428 

7-959745 

7.962049 

7.964341 

7-966621 

28 

32 

7.968889 

7.971145 

7-973389 

7.975622 

7.977«44 

7.980054 

27 

33 

7.982253 

7.984441 

7.986618 

7988785 

7.990940 

7.993085 

26 

34 

7.995219 

7-997343 

7.999456 

8.001560 

8  003653 

8.005736 

25 

35 

8.007809 

8.009872 

8.011926 

8.013970 

8 .01 6004 

8.01^029 

24 

36 

8.020044 

8.022051 

8.024047 

8.026035 

8.018014 

8.029984 

23 

37 

8.031945 

8.033897 

8.035840 

8.037775 

8.039701 

8.041618 

22 

38 

8.043527 

8.045428 

8.047321 

8.049205 

8.051081 

8.052949 

21 

39 

8.054809 

8.056661 

8.058506 

8.060342 

8.062171 

8.063992 

20 

40 

8.065S06 

8.067612 

8.069410 

8.071201 

8.072985 

8.074761 

19 

41 

8.076531 

8.078293 

8.080047 

8.081795 

8.083536 

8.085270 

18 

42 

8.086997 

8.088717 

8.090430 

8.092137 

8.093837 

8.095530 

17 

43 

8.097217 

8.098897 

8.100571 

8.102239 

8.103899 

8.105554 

16 

44 

8.107202 

8.108845 

8.110481 

8  112110 

8.113734 

8.115352 

15 

45 

8.116963 

8.1185*9 

8.120169 

8.121763 

8.123351 

8.124933 

14 

46 

8.126510 

8.128081 

S.I  29646 

8.131206 

8.132760 

8.134308 

13 

47 

8.135851 

8.137389 

S.138921 

8.140447 

8.141969 

8.143485 

12 

48 

8.144996 

8.146501 

8.14800* 

8.149497 

8.150987 

8.152472 

II 

49 
50 

8.153952 

8.155426 

8.156896 

8.158-361 

8.159821 

8.161276 

10 

8.162727 

8.164172 

8.165613 

8.167049 

8.168480 

8.169906 

9 

S' 

8.171328 

8.172745 

8.174158 

8.175566 

8.176969 

8.178368 

8 

52 

8.179763 

8.181152 

8.182538 

8.183919 

8.185296 

8.186668 

7 

53 

8.188036 

8.189400 

8.190760 

8.192115 

8.193466 

8.194813 

6 

54 

8.196156 

8.197494 

8.198829 

8.200159 

8.201485 

8.202808 

5 

55 

8.204126 

8.205440 

8.206750 

8.208057 

8.209359 

8.210658 

4 

56 

8.211953 

8-213243 

8.214530 

8. 215814 

8.217093 

8.218369 

3 

^J 

8.219641 

8.220909 

8.222174 

8.223434 

8.224692 

8.225945 

2 

1  58 

8.227195 

8.228442 

8.229685 

8.230924 

8.232160 

8-233392 

1 

^9 

8.234621 

8.235846 

8.237068 

8.258286 

8.239501 

8.240713 

0 

M 

.;    1    60" 

50" 

40" 

30'' 

20" 

10" 

Co-ftng^A^  83  Decrees 
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LOGARITHMIC  SINES, 


Sine  1 

Decree 

0 

0" 

10" 
8.243060 

2o;' 

.30" 

40" 

50" 

59 

8.241855 

8.244^.61 

8  24S459 

8.246654 

8.247845 

I 

8.249033 

8.250218 

8.251400 

8.252578 

8.253753 

8.254925 

58 

2 

8.256094 

8.257260 

8.258423 

8.259582 

8.260739 

8.261892 

5' 

3 

8.263042 

8.264.90 

8-26,334 

8.2664^5 

8.267613 

8.268749 

56 

4 

8.269881 

8  271010 

8  272137 

8.273260 

8.274381 

8  275499 

5  5 

5 

8.276614 

8.277726 

8.278835 

8.279941 

8.281045 

8.282.45 

54 

6 

8.283243 

8.284-39 

8.28543. 

8.286521 

8.287608 

8.288692 

53 

7 

«. 289773 

8.-90852 

8  29(928 

8.293002 

8.294073 

8.295141 

S'- 

S 

8.296207 

8.297270 

8.298350 

8.291,388 

8.300443 

8.30.496 

5' 

9 

8.302546 

8.303  5Q4 

8.3046^9 
8.310857 

8.305681 

8.30672. 

8.307759 

50 

10  i  8.308794 

8.309827 

8.31.885 

8.312910 

8-3»3933 

49 

II 

8314954 

8.315972 

8.316987 

8.318001 

8.319012 

8.320020 

48 

12 

8.321027 

8.322031 

8.323033 

8.324032 

8.325029 

8.326024 

47 

•3 

8.327016 

8.328007 

8.328995 

8.329980 

8.330964 

8331945 

46 

14 

8.332924 

8-333901 

8.334876 

8.335848 

8.336819 

8.337787 

45 

M 

S.338753 

8-3397>7 

8  340678 

8.341638 

8.342596 

8.343551 

44 

16 

8344504 

8-345455 

8.346405 

8-347352 

8.348297 

8  349240 

43 

17 

8.350180 

8.35>"9 

8.352056 

8352991 

8.353924 

8.354855 

42 

18 

8.355783 

8.356710 

8.357635 

8.358558 

8.359479 

«.36o398 

41 

J9_ 

8.3613.5 

8.362230 

8.363143 

8.364054 

8.364964 

8.365871 

40 
39 

20 

5-366777 
S.372«7i 

8.367681 

8.368582 

8.369482 

8  370380 

8.37.277 

2,r 

8.373063 

8.373954 

8  374843 

8.375730 

8.376615 

38 

22 

8-377499 

8.378380 

8.379260 

8.380.38 

8.381015 

8.381889 

37 

23 

8.382762 

8.383633 

8.384502 

8385370 

8.386236 

8.387100 

36 

24 

8.387962 

8.388823 

8.389682 

8.39-539 

8.39'395 

8  392249 

3  5 

25 

8.393101 

8.393951 

8.394800 

8.  ^,.,647 

8.396493 

8.397337 

34  • 

26 

8.398179 

8.3990ZO 

8.399859 

8.400696 

8.401532 

8.402366 

33 

27 

8.403199 

8.404030 

8.404859 

8.405687 

8  406513 

8.407338 

32 

28 

8.408 16 1 

8.4O0983 

8.409803 

8  41062. 

8.41.438 

8.412254 

3  1 

29 

8.413068 

8.4.3880 

8.4.4691 

8.415500 

8.416508 

_i:t!Zl'-i_ 

30 
29 

30 

8.417919 

8.418722 

8.4.9524 

8.420324 

8.42 1 1 23 

8.421921 

31 
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10.924644 

10.003051 

1092-694!  13 

48  9.o-'3366 

9  996934 

9-0-6432, 

10.923568 

10.003066 

10.926634J  12 

49  9-0744^ 

9.0969  19 

907-5C5J 

10.922495 

10.003081 

10.925576!  II 

50  9.0-5480 

9.996904 

90-85-6! 

10.921424 

10.003096 

10.924520'  10 

51  90^6533 

99968S9 

9.0-9644: 

10.920350  ID.0031ll| 

10.923467 

9 

52  9.O--S83 

9.996S-4 

908071O1 

10.919290  IOOC3I26 

10.922417 

8 

53  90-863. 

9.996858 

9.C81773 

10.918227  10.003142 

10  921369 

54  90796-6 

9.996S43 

9.082833 

10.91-167  10.003157 

10.920324 

55  9-080-19 

9.996S2S 

9.083S91 

10.916109  I0003I-2 

10.919281 

56  9.081-59 

9.996S12 

9.0S4947 

10.91 5053J 

10.00318? 

10918241 

57  .9.082-9- 

9.996-9- 

9.0860CO 

10.914000 

10.003203 

10917203 

58  9.083832 

9.996-^: 

9-08-050 

10.01  2950J 

10.003  2«S 

10916168 

>Q   9.084864 

9.996-66 

9  C8S09S 

io.91 1902 

10.003234 

10.^15136 

I 

60   9.OS5S94 

9-9w6-5« 

9.089144 

10.910856 

1 0. 00  3  2a  V 

10.9141^6 

0 

«( 

(  ..--int 

Sine 

Co-t:in.2r 

Tan^. 

Co-sec    Secant  1 

M 

80  Degrees. 


i-OGARlTHMIC  SINES,  TANGENTS,  AND  SECANTS. 


7  Degrees. 


M   Sine.  Co-sine. 

Tang.  1  Co-tan^.   Secant 

1  ^^'ill'JLl  '*i_ 

o  9.085894  9.996751 

9.089144 

10.910856  10.003249 

110.914106!  60 

19  086924:9.996735 

9.090187 

|io  909813  10.003265 

10.91JO78  59 

2  9.o87'^47^9. 996720 

9.091228 

10.908772 

10.0032X0 

10.912053  58 

3  9-088970^9.996704 

9.092266 

10.907734 

10.003296 

10.91  J030  57 

4;9o8999o!9.996688 

9-093302 

10  9066^8  10.003312 

10.910010  <i6 

5 

9.09100819.996673 

9.094336 

10.905664  10.003327 

10.908992 

55 

6 

9.092024  9.996657 

9-095367 

10.904633 

10.003343 

10.937976 

54 

7 

9.09303719.99664! 
9-094047  9-996625 
9.095056:9.996610 

9.096395 

10.903605 

10.003359 

10.^06963 

33 

8 

9.097422 

10.902578 

10.003375 

10.905953 

52 

9 

9.098446 

10.901554 

10.003390 

10.904944 

1  5' 

10 

9.096062 

9-996594 

9.099468 

10.900532 

10. 003406 

10903938 

1  •" 

II 

9.097065 

9.996578 

9-»004g- 

10.899513 

10.003422 

10.902935 

1- 

.  49 

12 

9.098066 

9.996562 

9.101504 

10.898496 

10.003438 

10.901934 

i  48 

13 

9.099065 
9.100062 

9.996546 

9.102519 

10  897481 

10.003454 

10.900935 

47 

U 

9-996^30 

9.X03532 

10.896468 

10  003470 

10.899938 

46 

M 

9.IOIO56 

9.996514 

')   104542 

10.895458 

10.003486 

10  898944 

45 

16 

9.102048 

9.996498 

y. 105550 

ro.894450 

X  0.003  502 

10.897952 

44 

»7 

9.103037 

9  9964S2 

9.  c 06 5  56 

10893444 

10.003518 

10.896963 

4S 

18 

9.104025 

9.996465 

9-107559 

10.892441 

10.003535 

10895975 

42 

19 

9.IO5OIO 

9  5^96449 

9.  io><56o 

10  891440 

1000355. 

10.894990 

-t ' 

20 

9.105992 

9996433 

9J0925_9 

10.890441 

10.003567 

10  894008 

_40_ 

21 

9.106973 

9  996417 

9.110556 

10.889444 

10.003583 

10.893027 

39 

22 

9.107951 

9.996400 

9.111551 

10.888449 

10.003600 

10.892049 

38 

23 

9  108927 

9.996384 

9.112543 

10.887457 

10.003616 

10.891073 

37 

24 

9.109901 

9.996368 

9-'i3533 

10.886467 

10.003632 

10.890099 

36 

25 

9. 1 10873 

9.996351 

9.11452' 

10.885479 

10.003649 

10.889127 

3  5 

26 

9  111842 

9-996335 

9. 1 15507 

10.884497 

10.003665 

10.888158 

34 

27 

9.112809 

9.996318 

9. 1 16491 

10.883509 

10.003682 

10.8^7,9: 

53 

28 

9-"3774 

9-996302 

9-II7472 

10.882528 

10.003698 

10.886226 

29 

9-H4737 

9-996285 

9.118452 

10.881548 

10.003715 

10.885263 

31 

30 

9-115698 

9  996269 

6. 1 19429 

10.880571 

10.003731 

10.8843OZ 

30 

3' 

9.116656 

9.996252 

9.120404 

10.879596 

10.003748 

.0.883344 

29 

32 

9.117613 

9.996235 

9.121377 

10  878623 

10.003765 

10.8823^7 

28 

33 

9.118567 

9.996219 

9.122348 

10.877652 

10.003781 

10.88.433 

27 

34 

9.119519 

9.996202 

9.  123317 

10.876683 

I0.00379S 

10.V8048! 

26 

35-9.120469 

9-996185 

9-124284 

10.S75716 

10003815 

19.87953' 

25 

36j9-»2i4i7 

9.996168 

9.125249 

10.874751 

10.003832; 

10  8-8583 

24 

37J9.122362  9.996151 

9  126211 

10.873789J 

10.C03849' 

1087-638 

12 

38  9  123306  9-996134 

9.1^7172 

10.872828 

10.003866; 

10.876694 

22 

39  9-124248  9-996117 

9.128130 

10.871870; 

10.003883 

10.875752 

21 

40  9. 125 187  9.996100 

9. 129087 

10870913I 

1 0.00  3  900; 

^0.8^48:3 

20 

41I9. 126125  9.995o»3 

9-133041 

10.869959 

10.0039.75 

10.873875 

'9 

42  9  127060  9  996066 

0.130994 

1C.869006 

ro.oo3934| 

10.872940 

18 

43  9-127993  9-996049 

9-131944 

10868056 

10.OC3951 

10.872007 

17 

44  9.128925  9-996032 

9.132893 

10.867107 

10.003968 

10.87.075 

16 

4519.1298549.996015 

9-^33839 

10.86616J 

10.003985 

10.870146 

15 

46j9.i3:>78i  9  99599^ 

9- '34784 

10.865216 

10.004002 

10  869219 

14 

4-tI9.i3170€  9-995980 

9.135726 

10.864274 

10.004020 

10.868294 

13 

48|-9-i32630  9  995963 

9.136667 

10.863333I 

10.004037 

10.867370 

12 

49 

9-133551  9995946 

9.13760: 

10.862395! 

J  0.004054 

.0.866.1-49 

II 

f: 

9.134470  9  995928 

9.138542 

9-139476 

10.86145S 
10.860524 

10.004089 

10.865530 
.0.864613 

10" 

9-135387  9.9959H 

9 

52 

9.136303  9.995894 

9.140409 

10.859591 

10.00410b 

.0. 863697 

i 

53 

9.137216  9.995876 

9141340 

10.858660 

•  0.004!  24 

{0.86278i 

5419.138128  9-995^59 

9.142269 

.0.857731 

10.004141 

.0.861872 

6 

5;|9-i39037  9-995841 

9. '43  1.96 

10  8(;6S04 

10.0041 59 

10.860963 

5 

56J9.139944  9-995823 

9.14412' 

30.8^5879 

1-0.004 171 

10.860056 

4 

57,9.  40850  9.995806,9.145044 

10.854956 

10.004194 

.0.^59,50 

3 

58,9-141754  9-995788*9-'45966 

10.854034  10.004212110.858246 

2 

59  9- '42655  9.995771I9.J46885 

10.853115  10.004229;  10.^5-345 

1 

60 

9.143555  9-995-53' 

9.147803 

10.852197 

10.004247-;  TO.S  56445 

0 

M 

■Jo-.sinc    si;i  . 

Cut  an  jr.   Tan.^. 

C(.>-sc-c.  i  Seen  .t. 

b2  I 

E 

34     LOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS. 


9 
9 
^ 
9 
9 
9 
9 
9 
9 
9 

4'j9 

42  9 

43  9 
44'9 
45 1 9 
46{9 
47'9 
48;9 

49  9 

50  9_ 

T^'9 
519 

53  9 

54  9 

55  9 
569 
57  9' 
589 

59  9 

60  9. 

M       (  '( 


43555 
44453 
45349 
46243 
47136 
48026 

4S915 
49802 
50686 
51569 
5-45' 

53330 
54208 
55083 

55957 
56830 

5770c 
58569 

59435 
60301 
61164 

62023 
62885 

63-43 
64600 

65454 
66307 
67159 
68008 
68856  9 
69702  9 

7054: 
713S9 
72230 
73070 
73908 
74744 
75578 
764M 
77242 
780-- 
78900 
79726 
80551 
8'374 


Co-siiu'. 


9-995753 
9-995735 
9  9957'7 
9.995099^ 

9-99568iJ9 
9.995664  9 
9.99564619 
9  9956-8i9 
9-9956«o|9 
9-99  5  59'  9 
9-995573  9 

9  995555  9 
9-995537,9 
9-9955'9:9 
9.995501:9 
9.995482  9 
9.995464  9 

9-995446J9 
9.9954279 
9-995-109  9 
9.995390  9 


99S372  9 

995353  9 

995334:9 

9953'6;9 

995297.9 

99527819 

995260:9 

9952419 

995222  9 

995203,9 

9.995iX4'9 

9.995165:9- 

9.995146,9- 

9.995'27:9- 

9.995108,9- 

9.99508919- 

9.995070:9- 

9-99505';9- 

9-995032;9- 

9995013:9- 


8219619 
83016J9 
83S349 
8465i'9 
8546619. 
8628o'9 


,994993  9 
994974,9 
994955:9 
99493  5. '9 
994916:9 
994896  9 
994877I9 
994857 19. 
994838;9' 
994818:9' 


87092  9. 

8t903'9 
887i2;9. 
89519(9. 

90325i9- 
91 1300. 

9'933  9' 
92734  9' 
93  534  ')■ 
94332  9. 


994798 
994779 
9947  59 
994:^39 
994720 
994700 
994680  9 
994660  9 
904640  9 
994620  9 


bi.:e 


C 


ang 


8  Degrees. 
Co-iang. 


47803 
48718 
49632 
50544 
5 '454 
52363 
53269 
54>74 
55077 
55978 
56877 

57775 

58671 

59565 

60457 

61347 

62236 

63123 

64008 

64?!92 

65774 

66654 

67532 

68409 

69284 

70157 

71029 

71899 

72767 

73634 

74499 

75362 

76224 

770S4 

77942 

7«-99 

79655 

8O508 

81360 

822 

^3059 

8390 

S4752 

^^559 
S6439 
87280 
88120 


88 


95; 


89794 
90629! 
91462' 


92294, 
93124 

93953 
94780 
95606 
96430, 
97253 
98074 
9S894 
99713. 


0.852197 
0.851282 
0.850368 

0.849456 

0.848546 

0.847637 
0.846731 

0.8458z6 
0.844923 
0  844022 

0.843  12  J 


0.8422251 
0.841329' 
0.840435 

0-839543 
0.838653 
0.837764 

o  836877 

0.835992 
0.835108 
0.834226 

0-833346 
o.  8  3  246  6 

0.831591 

0.830710 
0.829843 
0.82897  I 
0.82S10I 
o  827233 
0.826366 
0.825501 


o  82463?) 
0.823776 
0.822916 
0.822058 
0.821201 
0.820345 
0.8I9490 
08  1^640 
o  817789 
0.816941 
0.816093 
0.81 5  24S 
0.814403 
0.813561 
0.812720 
0.811880 
0.811042 
0.81C206 
0.80937 1 
0.8085381 

a.8077061 
0.806876! 
0.806047; 
0.805220' 
0.804394' 
08  3570 
0.802747 
0.S01926 
0.801106 
o.'8o0287 


I'anfj 


Secant. 

Co-sec. 
10.856445 

60 

10.004247 

10.004265 

10.855547 

59 

10.004283 

10.854651 

58 

10.004301 

10.853757 

57 

10.004^19 

10.852864 

56 

10.004336 

10.851974 

55 

10.004354 

10.851085 

54 

10.004372 

i^  850198 

53 

10.C0439O 

10.849314 

52 

10.004409 

10.84^431 

51 

10.CO4427 

ra_847  549 
10846670 

50 
49 

10.004445 

10.004463 

10845792 

48 

10004481 

10.844917 

47 

10.CO4499 

10.844043 

4G 

10004518 

10.843170 

45 

10.004536 

10.842300 

44 

10.004554 

10.841431 

43 

10.004573 

10.840565 

42 

10.004591 

10.839699 

41 

10.CO4610 

10.8388^6 

40 

10.004628 

10837975 

39 

10.004647 

10.837115 

38 

10.00.;  666 

10.836257 

37 

IC.OO4684 

10.835400 

36 

10.OC4703 

10.834546 

35 

10  CO4722 

'O.833693 

34 

10.004740 

-■0832841 

33 

10.004759 

10.831992 

32 

10.004778 

10.831144 

31 

10.CO4797 

10.830298 

30 

10.004816 

io.i.29453 

29 

10.004835 

10  828611 

28 

10.004854 

10827770 

27 

10.004^73 

10.826930 

26 

1C.004892 

10.826092 

25 

10.00491 1 

10.825256 

24 

io.o:::4930 

10.824422 

23 

10004949 

10.823559 

22 

10.004968 

10  822758 

21 

10.004987 

10.821928 

20 
19 

10.CO5007 

10.821 100 

10  005026 

10.820274 

18 

10.005045 

10.819449 

17 

10.CO5065 

10.818626 

16 

10.005084 

10.817804 

15 

1 0.00  5  .•04 

10.816984 

14 

10.005123 

10  816166 

13 

10.005  '43 

10.815349 

12 

10.C05162 

1C.814534 

1 1 

10.005182 

10.813720 

10 

10.CO5202 

10.81290S 

9 

JO.005221 

10.812097 

8 

10005241 

10.811288 

7 

10.CO5261 

10.810481 

6 

10.005281 

10.809675 

5 

10.CO5300 

10.808870 

4 

10.005320 

10.808067 

3 

10.005340 

10.807266 

2 

10.005360 

10.806466 

I 

io.oo5:i;o 

1C.80566S 

0 

Co-icc. 

Secant. 

^'   . 

bl  Degrees. 


tOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS. 


9  Degrees, 


M 
O 

2 

3 
4 
S 
6 

7 
8 

9 

lO 


Sine.     (  Co-sine. .    Tang'.      Co-tan.cf.  j   Secant,    i    Co-sec 


9.i9433i'9.9946zo  9.  i997«3|  10.800287110,005380:10.805668.    60 
9. 195 129! 9. 904600 (9. 2005 29 1 10.79947  I  j  10. 005400!  ro.804871;    59 

57 


•  9.  r 9 59 25,9.99458019.201345!  10.798655110.005420110.804075 
19.19671919.99456019.202159;  10.797841!  to  005440' 10.80328  I 


12 
13 
14 
^5 
16 

17 
18 

19 
20 

21 

22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 

34 
35 
36 

37 
38 
39 

40 

41 
42 
43 
44 
45 
46 

47 


19.1975  [1 19.994540 '9-20297  1J10.797029I  10.005460' 10.802489  56 

I9.i98  302'9.9945i9^;9-203782j  10.796218;  10.0054S1   10.8016981  55 

9. 19909 1  (9.994499 19- 204 592 '10.795408110.0055011 10.800909  54 

9.199879  9. 994479 i9- 20 5400^10. 7946oo{  10.005521  j  10. 8001 21!  53 

9.200666  9.994459 J9.306207J  10.793793110.005541.10.799334;  52 

9.201451  9  994438*9. 2070i3!io.792987!io,oo5562;  10.798549!  51 

J9. 202 234 '9.9944 18 19.2078171 10. 79 2183 110.005582!  10. 7 97 766 1  50 

J9. 203017  9.99439819.208619!  io.79i38i'io.0O5602.io.7c,6983;  49 
9.203797  9.994377 19. 209420!  10. 790580]  10  005623*10.7962031  48 
9.204577  9.994357  9-2i0220i  10  789780  10.0O5643JO.795423'  47 
9.205354  9.9943369-2I  1018:10.788982!  10.005664!  10.794646' 
9.206131  9.9943 16 '9.21 1 8 15!  10.788 185!  10.005684110.7938691 
9.206906  9. 994295  •9. 2 1 2611110.7873 89  10.005705  10.793094 
9.207679  9.99427419.213405:10.78659.5,  10.005726  10.792321 
9  208452  9.994254  9. 2 14 1 98- 10  785802110  005 746;  10.791548 
9. 209222. 9.994233I9  214989'  10.78501  x\  10.0057671 10.790778 
2i2|9^2i  5780;  10.784220  10.0057SS1 10.790008 


9.209992:9  994^ 
9.210760  9.994191 
9.2H526;9-994i7i 
9.212291J9. 99415c 


9-2/3055 
213818 
214579 
9-2'S338 
9.216097 
9.216854 


9.994129 
9.994108 
9.994087 
9.994066 
9.994045 
9.994024 


9.217609 1 9.994003 
19.21836319.993982 
j9.2i9ii6[9.99396o 

I9  21986819.993939 
19.220618:9.993918 

i9.22i367i9-9y3^97 
j9.222iT5|9.993^75 
9.222861  '9.993854 


I9.223606 
J9.224349 
{9.225092 


i9.225833 
J9.226573 


9.993832 


46 
45 
44 
43 

42 
41 

40 

9-216568' 10.783432J  10.005809!  10.7S9240I  39 
9.2173561 10.782644  10.CO5829JIC.788474I  38 
10  005850  10.787709'  37 
10.005871110.7869451  36 
10.005892110  7861821  35 
10.005913I10.785421I  34 
10.005934J  10.784662;   3i 


9.218 
9.218 


142J10  781858 
126  10.781074 


9.219710 
9.220492 
9.221272 
9  222052 
9.222830 
9-223607 

9.224382 
9.225156; 
9.2259291 
9.226700 
9.227471 
9.228239 
9.229007 
9.229773 


10.780290 
10.779508 
10.778728 
10.777948 
10.777170 
'0-776393 
10.77,618 


10.005955110.783903:  3 

10.005976J10.783146  31 

10.005997 j  10.782391  j  20 

006018  10.781637 


10.7748441 10.006040 


9.993811:9.230539 


10  774071 
10.773300 
10.772529 
10.771761 


10  006061 
10.006082 
10.006103 
10.006125 


10.770993J10  006146 
10.770227  10.006 
10.769461!  10.006 


9.993789:9-23  1302  10.768698!  10.00621 


9.993746 
9.227311  9-993725 
9.22804S  9-993703 
9.228784  9-993681 
9.229518  9.993660 
9.230252  9-993638 

48  I9.230984  9.993616 

49  19.231715  9-993594 

50  ,9.232444  9-993572 

51  19.233172  9-993550 

52  .9.233899  9.993528 

53  19-234625  9.993506 

54  .'9.235349  9-993484 

55  '9.236073  9-993462 

56  •9-236795.9-993440 

57  :9-237Si5'9-99J4i8 
9.238235I9.993396 

59     9238953 '9.993374 
60^  9.239670,9.99335) 

M     Co  bine.     Sine. 


9.99376819.232065110.767935  10.006232 

n   nr,-,-,  if.    9.  23  2826  j  I  O.  767  1  74!  IO.OO6  25  4 
0.766414110.00627 


9.233586 

9-234345 
9.235103 

9  235859 

9.236614 
9.237368 


10.76 


10.764897 
10.764141 
10.763386 
10.762632 
9.238120:  10.761880110.006406 

9.238872!  10.761 128  10  006428 


10.006297 
10.006319 
10.006340 
10.006362 
0.006384 


9.239622 
9.240371 
9.241 118 
9.241865 
9.242610 

9-2433S4 

9.244097 
9.244839 
9.245579 
9^463  1 9 

C(j 


10. 760378  10.C06450 
10.759629  10.006472 


10.758882 
10.758135 
10.757390 
10.756646 

-0.755903 
10.755  161 
10.754421 
10.753681 


ang  I  Tuug-. 
8.0  D.egre?S" 


10.006494. 
10.006516 
10.006538 
10.006560 
10.006582 
10.00G604 
10.006626 
10.006649 


Co-sec. 


10.780884 
10.780132 
10.779382 
10.778633 
10.777885 
10777139 
10.776394 
10.775651 
10.774908 


10.774167 
10.773427 
10.772689 
10.771952 
10.771216 
10  770482 
10.769748 
10.769016 
10  768285 
10-767556 
ta766828 
10.766101 
10.765375 
10.764651 
10.763927 
10.763205 
10.762485 
10.761765 
10.761047 
10. ''60330 


LOGAUITHMIC  SINES,  TANGENTS,  AND  SECANTS. 


10  Deprees. 


.  >' 

Sine.  1 

Co-siiie. 

Taiii; 

Co-tani?.  1 

Secant.  | 

Co-sec.  , 

>i 

"o" 

9.2J9670'9.c>9;35' 

9.246319  10.753681 1 

10.006649 

10.760330 

60 

9.24C3S6  9-993329  9-247057  JO.752913 

10  006671 

10759614 

59 

z 

9.24i.iox'9.993307!9. 247794 

10.752206 

10.CC6693 

10.758899 

58 

3 

9.241814  9.99328519.248530 

10.751470 

10.C06715 

10.758186 

57 

4 

9.2425269.993262J9.249264 

10.750736 

10.OC6738 

10.757474 

56 

5 

9-243237  i  9-993240;  9-249998J1O.750C02 

10.006760 

10  756763 

55 

6 

9.24394719  993217  9-2507301  «O-749270 

10.006783 

10.756053 

54 

7 

9.-i446^6!9.993  195,9.25  146 1 ;  to. 748539 

10006805 

10.755344 

53 

8 

9.2453C3  9.993172  9.252191,10.747809 

10.006828 

10.754637 

52 

9 

9.246o69'.9-993i49  9-252920: 10.747080 

10.006851 

'0.75393' 

5' 

lO 

11 

9.246775 
9.2474-'8 

9-9^3_|^  9.253648  10.746352 

10.006873 

10.753225 

50 
49 

9.993  104  9.254374:10.745626 

10.006896 

10.752522 

iz 

9  248i8r9.99joSi  9.25510OJ  10.744900 

10.006919 

10.751819 

48 

13 

9.248S83 

9-993059'9-25>824i  10.744176 

10.006941 

10.751117 

47 

'4 

9.249583 

9-993036,9-256547: 10.743453 

10.006964 

10.7504.17 

46 

i'; 

9.250282- 

9-99301319  257269 

10.742731 

10.OC6987 

10.749718 

45 

i6 

9.250980 

9.992990  9-257990 

10.742010 

10.007010 

10.749020 

44 

17 

9.251677 

9.992967  9.258710 

10.741290 

10.007033 

10.748323 

43 

ig 

9-252373 

9-992944  9-259429 

10.740571 

10.007056 

10.747627 

42 

»9 

9.253067 

9.992921  9.260146 

10,739854 

10.007079 

10.746933 

41 

20 
21 

9-2537^' 
9-254453 

9.992898  9.260863 

«o.739'37 

10.007102 

10.746239 

40 

999287519.261578 

10.738422 

10.007125 

10.745547 

39 

2  2 

9.255144 

9.99285219.262292!  10.737708 

10.007148 

10.744856 

38 

23 

9255834 

9-992829I9.263005 

10.73G995 

10.007171 

10.744166 

37 

24 

9.256523 

9. 992806J9. 263717 

10.736283 

10.007194 

10.743477 

36 

25 

9  257211 

9.992783  9.264428 

10.735572 

iox)072i7 

10.742789 

35 

26 

9.257898 

9992759J9-265138 

10.734862 

10.007241 

10.742102 

34 

27 

9.258583 

9.992736  9.265g47 

'0.734153 

10.007264 

10.741417 

33 

28 

9.259268 

9-992713  9-266555 

JO.733445 

10.007287 

10.740732 

32 

29 

9.259951 

9.992690  9.267261 

10.732739 

10.007311 

10.740049 

31 

30 

9  260633 

9.992666!  ^^67967 

10.732033 

10007334 

10.739367 

30 

3» 

9-261314 

9  992643 

5.268671 

10.731329 

10.007357 

10.738686 

29 

32 

9.261994 

9.992619 

9.269375 

10.730625 

10.007381 

10.738006 

28 

33 

9.262673 

9.992596 

9.270077 

10.729923 

10.007404 

'O.737327 

27 

34 

9.26335' 

9.992572 

9-270779 

10.729221 

10.007428 

10.736649 

26 

35 

9.264027 

9992549 

9-271479 

10.728521 

10.007451 

10.735973 

25 

36 

9.264703 

9992525 

9.272178 

10.727821 

10.C07475 

10.735297 

24 

37 

9.265377 

9.992501 

9.272876 

10.7x7124 

10.007499 

10.734623 

23 

38 

9.266051 

9.992478 

9.273573 

10.726427 

10.007522 

10.733949 

22 

39 

9.266723 

9.992454 

9.274269 

10.725731 

10.007546 

'O.733277 

21 

40 
4' 

9267395 
9.268065 

9.992430 
9.992406 

9.274964 

10.725036 

10.007570 

10.732605 

20 

9.275658 

10.724342 

10.007594 

10.731935 

19 

42 

9.268734 

9.992382 

9.276351 

10.723649 

10.007618 

10.731266 

18 

43 

9.269402 

9.992358 

9-277043 

10.722957 

10.007&42 

10.730598 

17 

44 

9.270069 

9-992335 

9277734 

10.722266 

10.007665 

10.729931 

16 

45 

9.270735 

9-9923  1 1 

9.278424 

10.721576 

10.007689 

10.729265 

15 

46 

9.271400 

9-992287 

9.279113 

10.720887 

10.007713 

10.728600 

14 

47 

9.272064 

9.992263 

9.279801 

10.720199 

10.007737 

10.727936 

13 

48 

9.272726 

9.992239 

9.280488 

10.719512 

10.C07761 

10.727274 

12 

49 

9-273388 

9.992214 

9.281174 

10.718826 

10.007786 

10.7266:2 

I  I 

50 

,9.274049 

9.992190 

9.28r858 

10.718142 

10.007810 

10.725951 

10 

5' 

9.274708 

9.992166 

9.282542 

10.717458 

10.007834110.725292 

9 

52 

9.275367  9-992142 

19.283225 

10. -16775 

10007858I10.724633 

8 

53 

9.276025  9.9921 18:9.283907 

10.716093 

10.007882 

10.723975 

7 

54 

9.276681  9. 992093-9.284588 

10.715412 

10.007907 

10.723319 

6 

55 

9-277337 

9.992069  9.285268 

10.714732 

10.00793^ 

10.722663 

5 

56 

9.277991 

9.992044:9.285947 

10.71405- 

10.007956110.722009 

4 

57  9.278645  9.992020,9.286624 

10.713376 

10.007980J  10.721355 

3 

58  9.279297  9-99I996J9-28730I 

10.712699 

10.0080041 10.720703 

a 

59  9-279948  9-991971 19-287977 

10.712023 

10.008029I  10.720052 

I 

60  9.280599  9-991947 

9.288652 

10.711348 

10  008053  10.719401 

0 

M 

vjo-sine. 

Sine. 

Co-tang.'  Tang-.  '  Co-scc  '  Secant.  '  m  I 

'9  Degrees. 
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11 

Degrees. 

M  1  Sine. 

Oj9-28o599 

Co-sine. 

Ta-isr- 

Co-tang-  ,   Secant.  Co-sec.  ,  m  , 

9.991947 

(9.288652 

10.711348 

10.008053 1 10.719401 

60 

1:9.281248 

9.991922 

(9.289326 

10.710674 

10.008078,10.718752 

59 

zjg. 281897 

9,991897 

9.289999 

1 0.7 1 000 1 

io.oo8io3'  10.718103 

58 

;  3J9.282544. 

9.991873 

19.290671 

10.709329 

10.008127:10.717456 

57 

4;9-2^3i90 

9.991848 

'9.291342 

10,708658 

10.C08152: 10.716810 

56 

5:9.283836 

9.991823 

,9.292013 

10.707987 

10.008177I10.716164 

55 

6:9.284480 

9.991799 

9.292682 

10.707318 

10.008201: 10.715520 

54 

719.385124 

9-99'774 

,9-293350 

10.706650 

10.008226.10.714876 

53 

8|9.2S?766 

9.991749  9-294017 

10.705983 

10.008251. 10.714234 

52 

919.286408 

9.991724  9.294684 

10.7053  16 

10.008276' 10.71359a 

51 

1019.287048 

Il;9  287688 

9.991699 
9.991674 

9-295349 
9.2960:3 

10.704651 
10.703987 

i0.co830i!io.7i2952 

50 
49 

10.008326 

10.712312 

12:9.288326 

9.991649 

3.296677 

10.703323 

10.008351 

10.711674;  48  1 

\l   9.288964 

9.991624 

9-297339 

10.702661 

10.008376 

10.711036 

47 

14  9.289600 

9.991599 

9.298001 

10.701999 

10.008401 

10.710400 

46 

.  1519.290236 

9-99'S74 

9.298662 

10.701338 

10.OC8426 

10.709764 

45 

16 

9.290870 

9.991549 

9,299322 

10.700678 

10.008451 

10.709130 

44 

17 

9.291504 

9.991524 

9.299980 

10.700020 

10.008476 

10.708496!  43 

18 

9  292137 

9.991498 

9  300638 

10.699362 

10.008502 

10.707863;  42 

19 

9.292768 

9-99H73 

9.301295 

10.698705 

10.008527 

10.707232'  41 

20 

9.293399 

9.991448 

9.301951 

10.698049 

10.008552 

10.7066011  40 

21 

9.294029 

9.991422 

9,302607 

10.697393 

10.008578 

10.705971J  39 

22 

9.294658 

9-991397 

9-303261 

10.696739 

10.008603 

10.705342,  38 

23 

9.295286 

9.991372 

9-3039^ 

10.696086 

XO.008628 

10.704714  37 

24 

9.295913 

9.991346 

9.304567 

10.695433 

10.008654 

10.704087!  36 

25 

9.296539 

9.991321 

9-305218 

10.694782 

10.008679 

10.703461 

35 

26 

9.297164 

9.991295 

9305869 

10.694131 

10.008705 

10.702836 

34 

27 

9.297788 

9.991270 

9-306519 

10.693481 

10.008730 

10,702212 

11 

28 

9.298412 

9.991244 

9.307168 

10.692832 

10.008756 

10.701588 

32 

29 

9.299034 

9.991218 

9-307815 

10.692185 

10008782 

10.700966 

31 

30 

9.299655 

9.995193 

9.308463 

ia_69^53^r 

1C.008807 

10.700345 

Jl. 

31 

9.300276 

9991167 

g.309109 

10.690891 

io.c"o8833 

10.699724 

29 

32 

9.300895 

9.991141 

9-309754 

JO.690246 

10.008859 

10.699105 

28 

33 

9.301514 

9.991115 

9.310398 

10.689602 

10.008885 

10.698486 

27 

34 

9.302132 

9.991090 

9-3  1 1042 

10.688958 

10.008910 

10.697868 

26 

35 

9-302748 

9.991064 

9.311685 

10688315 

10.008936 

10.697252 

25 

36 

9.303364 

9.991038 

9.312327 

10.687673 

10  008962 

10.696636 

24 

37 

9-303979 

9.991012 

9.312967 

10.687033 

10.008988 

10.696021 

23 

38 

9-304593 

9.990986 

9.313608 

10.686392 

10.009014 

10.695407 

22 

39 

9.305207 

9.99O960 

9.314247 

10.685753 

10.OC9040 

10.694793 

21 

_40 

9.305819 

9-990934 

9.314885 

10.685115 

10.009066 

10.694181 

20 

4t 

9.306430 

9.990908 

9-315523 

10.684477 

10.009092 

10.693570 

J9 

42 

9.307041 

9.990882 

9.316159 

10.683841 

10.009118 

10.692959 

18 

^Z 

9.307650 

9.990855 

9-316795 

10.683205 

10.009145 

10.692350 

17 

44 

9.308259 

9.990829 

9.317430 

10.682570 

10.009171 

10.691741 

16 

45 

9.308867 

9-990803 

9.318064 

10.681936 

10.009197 

io,^9"33 
10.690526 

15 

46 

9-309474 

9.99C777 

9.318697 

10.681303 

10.009223 

14 

47 

9.310080 

9.990750 

9-319329 

10.680671 

10.009250 

10.689920 

13 

48 

9,310685 

9.990724 

9.319961 

10.680039 

10.009276 

10.689315 

12 

49 

9.311289 

9-990697 

9.320592 

10.679408 

10.009303 

10.688711 

II 

50 
51 

9-3^1893 
9-312495 

9.990671 
9.990645 

9.321222 
9.321851 

10.678778 
10.678149 

10.009329 

10.688107 

10 
9 

10.009355 

106S7505 

52 

9-313097 

9.990618 

9-322479 

10.677521 

10.009382 

10.686903 

8 

S3 

9.313698 

9.990591 

9-323106 

10.676894 

10.009409 

10.686302 

7 

54 

9.314297 

9.990565 

9-323733 

10.676267 

10.009435 

10.685703 

6 

55 

9.314897 

9-990538 

9-324358 

10.675642 

10.0094&2 

10.685103 

5 

,56 

9-315495 

9.990511 

9.324983 

10.675017 

10.009489 

10  684505 

4 

57 

9.316092 

9.990485 

9-325607 

10.674393  IC.009515 

10.683908 

3 

589.316689 

9.990458 

9.326231 

10.673769  10.009542 

lO  683311 

2 

5919.317284 

9.990431 

9.326853 

10.673147  10.009569 

10.6S2716 

I 

6o|9.3i7879'9.990404 

9-327475 

10.672525  10.009596  10.682121 

0 

M 

Co-sine. 

Sine. 

Co-tan^.'  Tang.   Co:SeG.  i  Secant.  '  m  j 

'8  Degrees- 
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12  Decrrees. 


M       Siiif.       Conine      Tan.ej.  |C(>-tai)i!. 

o  9.317S79  9.900404  9.327474'  10.672526 
1J9.31S47J  9.9903-8  9.328095  10.611905 
219.319066  9  990351  9.32^-71 5  ic  671285 
519.319658  9.990324  9.329334'  10.670666 
4J9.320249  9.990297  9-329953  10.670047 
519.320840  9.990270  9.330570;  10.669430 
6J9.321430  9.990243  9.331187  10.66S813 
719.322019  9.990215  9.331803  10.668197 
8J9. 322607  9.900188  9.332418  10.667582 
919.323194,9.990161  9.333033:10666967 
10:9  323780:9. 99':)i34  9  33^646  10.6663J4 

1 1  i9. 324366' 9. 990 107. 9. 334259'  10.667741 

12  9.324950  9.990079  9,334871  10.665129 
i3  5-325534j9990032  9-335482]  to.6645i8 

14  9.326J  1719. 990025^9. 336093;  10.663907 

15  9.32670019.989997^9.336702  10.663298 
1 6;  9.3 2728  I '9. 9 J^y970j  9.3373  [  1!  10.662689 
>  7)  9-32786219.9899421 9. 3370 19-  10.662085 
i8!9  328442j9-9899»5;9-338527  10.66/473 
19,9.329021  9.98988719  339133  10  660^67 
20' 9. 3  29  599 '9. 9?  986019.339739  10.6602611 


9.340344  10.6,9656 
9.340948  10.659O52 
9  3415^2  10658448 
9.342155  10. 6  57845: 10.010251 
9  3427-;7. 10  657243 


iij9-330i-6i9. 989832 

22;9.330753  9-9^9804 

23j9-33i329  995^9777 

24i9-33»9S3|9-989749 

25^9-332478  9.989721 

26;  9.33305  M9-9«9693|  9-3433  58  10.65664a 

27;  9-333624|9-989665|  0.343958  1C.656042 

?.8i9.334»95l9-9'-'9637j  9-3445  58;  10.655442; 

2919.3^476719.98961019  345157110.654843 

22^'l:L^iiI '  il^2ilf  i2_l'^  ^  "Ji ;  I^  5424  5 , 

31  !9.3359C6'9.989553,9.3463  53 1 10.653647' 
32;9-.33647  5j9  9895?-5!9  34^949' 1065305,1.' 


St  cant. 
10.009596 
10.009622 
10. 009 649 
10.009676 
10.CO9703 
10.009730 
10009757 
10.009785 

10  COq8l2 
IO.CO9839 
IC.CO9866 
lO.CO9.S93 
IC.OO9921 
10.009948 
10.009975 
10.010003 
10.010030 
10.010058 
10.010085 
lO.OIOl  13 
10.010140 
10,010168 
10.010196 
10.010223 


10.010279! 
JO  oi0307| 
10.010335; 
10.0103631 
10,010390! 
JO. 010418! 


33:9-337043 
34  9-337610 
35I9.338176 


36! 


'42 


J9.338 

37  9-339307 
3819-339871 
3919.340434 
4019.340996(9-989300 


4II9.341558 
4219.342119 
43:9.342679 
4419343239 

45i9-343797 


9.989271 
9.989243 
9,989214 
9.989186 


10.C10447 
10,010475 
10,010503 
10.01053  1 
10.010559 
10.010587 
10.010615 
14: 10.649486'  io.O!0644 
d6j  10  6488941 10  oio6;'2 
9  35'  697  j  10.648303110.010700 


9.98949^19.347545;  10.6  5245  >, 
9.98946919.348141110.6518591 
9  98944119.348735:10.6512651 
9  989413  9-349329! '0.650671! 
9.989385 1 9.349922. 10.650078 1 
9.98935619  350 
9. 98932819. 351 


9.352287I10.647713; 
9.352876'  10,647  124I 
9.353465]  10.646535I 
9-35405310  645947^ 


9.989157J9  3546401 10.6453601 


46  9-34435 5; 9-98912819-3 552271 '0.644773 


47i9-3449'2'9.989'00 

48(9-34546919-989071 
4919.346024  9.989042 


9  355813J '0.644187^ 
9,356398;  10,643602! 
9.356982I  10.6      "    " 


5018I 


JO i 9  346579 j 9^ 9014 ! 9-357566 1 10. 642434 , 
5 ';9-347i34'9-988985;9.358  140;  10.641 851. 
52 19.347 687: 9.9889 56: 9,3 58731- 10  641269! 
53 1 9. 3482401 9.988927' 9-3 593 '3  '0-640687! 
54  9.348792  9.98889819  359895  10  6401071 
55:9-34934319-988869  9.360474  '0-639526 j 


9.98884019. 361055  10.638947 
9.361632  10.658368 


9.9; 


56  9.3495^93 
5719-350443 
58'9.350992  9. 9887829. 362210  10.637790' 

59  9-35'540  9-988753  9-362787110,637213 

60  9  352088  9.988724.9.3633641 10,656636 


i;o-.sine  '  Sine.   Co-tang-.   Tang;-. 


10.010729 
10.010757 
10.010786. 
10.010814! 
10.0108451 
10.010872 
10.010900 
10.010929! 
10.01O958I 
10.010986I 

10.01 101 5: 
10.01 1044' 
10.01 1073! 

lO.OII  102! 

10.01 1 131 
io.oiii6o| 
10.0111891 
10.01 1218; 
10,0: 1247! 
10.01 12761 

Co-sec.  ' 


C'-o-sec. 

0.682121 

0.681527 

o  680954 

o.6h0342 

0.679751 

0.679160 

0.678570 

0.677c 

0.677393 

0.676800 

0.676220 

0.675634 
0.675050 
o  674466 

0.673885 

0,675500 

0.672719 

0.67215 

0.671558 

0.670979 

0.670401 

0.669824 
o  669247 
0.668671 
0.668097 
0.667522 

0. 666949 

0.666376 
o  665805 
0.665255 
0.664665 

0.664094 
o  665525 
0.662957 
0.662590 

0.661824 
0.661258 

0.660695 
0.660129 
0.659566^ 
0.659004 

0.658442 
0.657881 
0.657521 
0,656761 
0.656205 

0.655645 

0.655088 

0.654551 
0.653976 
0.655421 

0652866 
0.652515 

0.651760 
0.651208 
0.650657 
0.650107 

0.649557 

0.649008 
0.648460 
0.647912; 

Secant.    ' 
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13  l^e 


M 

1  Sine.  ,  Co-sine. 

Tan.«:. 

,  Co-tang-,  j  Secant.   Co-sec.  j  m  | 

O 

9  352088 

9.988724 

"363364 

110.6^6636 

10.0II276JI0.647912 

60 

I 

19.352635 

9.988695 

.363940 

10  63606c 

10.011305!  10,647365 

5y 

2 

j9-353i8i 

9  988666 

..364515 

10.635483 

10.011334!  10.64681^ 

58 

3 

!9-353726 

9988636 

.365090 

10.6  j49IO 

10.011364' 10.646274 

57 

4 

;9-35427i 

9.988607 

,.365664 

10.634336 

10  011393 

10.645729 

56 

5 

19-354815 

9.988578 

-.366237 

io.633-'63 

10.011422 

10.645 1 85 

55 

6 

9-355358 

9.988548 

9.366810 

io.633i90 

10.011452 

10  644642 

54 

7 

I9. 355901 

9.988519 

9.367382 

10.632618 

10.011481 

10.644099 

53 

8 

'9  356443 

9.988489 

9-367953 

10.632C47 

10.01 151 1 

10.643557 

52 

9  9-356984 

9.988460 

9-368524 

10.631476 

10.01 1540 

10.643016 

51 

10 
I  r 

'9-357524 
9.358064 

9.988430 
y. 988401 

9.369094 
^.369663 

10.630906 
10.630337 

10.011570 

10.642476!  50  1 

10.01 1 599 

10.641936 

'49 

12 

:  9.3  5  8605 

9988371 

9.370232 

10.629768 

10.011629 

10.641397]  48  1 

13 

9-359141 

9.988342 

9-370799 

10.629201 

lO.Ol  1658 

10.640859 

47 

14 

•9359678 

9.988312 

9-371367 

10.62863^ 

10.011688 

10.640322 

46 

I? 

9.360215 

9.988282 

9-371933 

10.6Z8067 

10.011718 

10.639785 

45 

16 

9.360752 

9.988252 

9.372499 

|io  627501 

10.01 1748 

10.639248!  44 

17 

9  361287 

9.988223 

9-373064 

10.626936 

10.01 1777 

10.638713!  43 

18 

9.361822 

9-988193 

9-373629 

10.626371 

10.01 1807 

10.638178J  42 

19 

9.362356 

9.988163 

9-374193 

10.625807 

10  01 1837 

10.637644!  41 

20 

9.362889 

9.988133 

9-374756 

10.625244 

10.011867 

io.637iir  40 

21 

9.363422 

9.988103 

9-375319 

10.624681 

10.011897 

10.636578  39 

22 

9363954 

9.988073 

9-375881 

10.6241 19 

10.01 1927 

10.636046  38 

23 

9-364485 

9.988043 

9.376442 

10.623558 

10.011957 

10.635515,  37 

24 

9.3650(6 

9.988013 

9.377003 

10.622997 

10.011987 

10.634984.  36 

-5 

9.365546 

9.987983 

9  377563 

10.622437 

10.012017 

.0634454  35 

26 

9-366075 

9-987953 

9.378122 

to.621878 

10.012047 

10.633925,  34 

27 

9.366604 

9.987922 

9.378681 

10  62'3i9 

10.012078 

10.633396  33 

2S 

9-367131 

9.987892 

9.379239 

ro.620761 

10.012108 

10.632869'  32 

29 

9  367659 

9.987862 

9-379797 

10620203 

10.012138 

10.632341  •  31 

30 
3> 

9.368185 
9.368711 

9.987832 
9.987801 

9380354 
9.380910 

10.619646 

10.012168 

10.631815  30 
10.631289^  29 

to.619090 

10.012199 

32 

9.369236 

9.987771 

9.381466 

10.618534 

10.012229 

10.630764'  28 

33 

9  369761 

9.987740 

9.382020 

10.617980 

10.012260 

10.630239;  27 

34 

9.370285 

9.987710 

9.382575 

ro.617425 

IO.OI2290 

10.629715;  26 

3  5 

9.370808 

9.987679 

9-383129 

10616871 

10.012321 

10.629192;  25 

3« 

9-371330 

9.987649 

9  383682 

10.616318 

10.012351 

10.628670;  24 

37 

9.371852 

9.98761^ 

9-384234 

10.615766J 

10.012382 

10.628148;  23 

38 

9-372373! 

9.9S7588 

9.384786 

10.615214I 

IO.OI24I2 

10.627627'  22 

39 

9-372894 

9-987557 

9-385337 

10.6146631 

10.012443 

10627106;  21 

40 

9-3734T4 

9.987526 

93S5888 

10.614112J 

10.012474 

10.626586!  20 

41 

9-373933 

9.987496 

9-386438 

10.613562J 

IOOI2504 

10.626067  «9 

9-374452 

9.987465 

9  386987 

10.613013: 

10.012535 

10.625548  18 

43 

9  374970 

9,987434 

9-387536 

10.612464' 

10.012566 

10.625030I  17 

44 

9-375487 

9-987403  i 

9.3SS0S4 

10  61 1 9 1 6 : 

10.012597 

10624513!  16 

45 

9-376003 

9987372 

9.388631 

10.61 1369, 

10012628 

10.623997.  15 

46 

9-3765>9 

9-987341 

9.389178 

10.610822! 

10.012659 

10.623481 

14 

47 

9-377035 

9.987310 

9-3897241 

10.610276; 

10  012690 

10.622965 

13 

48 

9-37:'549 

9.987279 

9.390270 

10.60973OJ 

10,012721 

10.622451 

12 

49 

9.378063 

9.987248 

9.390815 

10.609185 

10,012752 

10.621937 

1 1 

50_! 
5* 

9-378577 

9.987217 

9.391360 
9.391903 

10.60S640 

10.012783 

10.621423 

10 
9 

9.379089 

9.987186 

10.608097 

10.012814 

iO.62091  I 

52 

9.379601 

9.987155 

9.392447 

io.6o7553{ 

10,012845 

10.620399 

S 

53 

9-380113 

9.987124 

9.392989 

io.6o70ii( 

10.012876! 

10.619887 

7 

54 

9.380624; 

9.987092 

9-393531 

10.606469: 

10.012908; 

10.619376 

6 

55 

9-38H34' 

9.98706J 

9-394073 

10.605927: 

IO.C12939' 

10.618866 

5 

56  ' 

9-381643 

9.987030 

9.394614 

10.605386; 

10.012970 

10.618357 

4 

57  : 

9.3821 52  9.9869981 

9-395154I 

10.604S46; 

10.013002 

10.617848 

3 

58  ; 

9.382661  9.986967! 

9-395694; 

10.604306! 

io.013033 

10.617339 

2 

I59  ^ 

9.383168  9.986936' 

9  396233  '0-6037671 

10.013064 

10.616832 

1 

60  9.183675  9.986904, 

9.396771 
Co-tans^'.i 

»0.603229: 

_^Tang:^ 

10.0I3096J  10.616325 

0 

.M  Gu-sine.   Sine,  i 

Co-sec.  1  Secant. 

>r 

7ft  I 

Tegrees, 
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14  Degree. 

M 

O 

Sine. 

Co  sine 
^^^6904 

Tang. 
9.396771 

Co-un^ 
10.603229 

Secant. 

Co-sec.  1  M  j 

9-383675 

10.013096 

10.616325 

60 

1 

9.384182 

9-986873 

9.397309 

10.602691 

10.013127 

10.615818 

59 

2 

9.384687 

9.986841 

9.397846 

10.602154 

10.013159 

10.615313 

58 

3 

9-385192 

9.986809 

9.398383 

10.601617 

10.013191 

10.614808 

57 

4 

9-385697 

9.986778 

9.398919 

10.601081 

10.013222 

10.614303 

56 

5 

9.386201 

9.986746 

9-399455 

10.600545 

10.013254 

10.613799 

55 

6 

9.386704 

9.986714 

9.399990 

10.600010 

10-013286 

10.613296 

54 

7 

9.387207 

9.986683 

9.400524 

10.599476 

10.013317 

10.612793 

53 

i 

9.387709 

9.986651 

9.401058 

10.598942 

10.013349 

10.6 1229 1 

52. 

9 

9.3S8210 

9.986619 

9.401 59 1 

10.598409 

10.013381 

10.611790 

51 

10 

9.3887U 

9.986587 

9.402124 

10.597876J  10.013413 

10.611289 

50 

11 

9-389211 

9.986555 

9.402656 

•0.597344 

10.013445 

10.610789  49 

12 

9.389711 

9  986523 

9.403187 

10.596813 

10.013477 

10,610289^  48 

•3 

9.390210 

9.986491 

9.403718 

10.596282 

10.013509 

1060979OJ  47 

14 

9.390708 

9.986459 

9.404249 

10.595751 

10.013541 

10.609292 

46 

15 

9  391206 

9.986427 

9.404778 

10.595222 

10.013573 

10.608794 

45 

16 

9.391703 

9.986395 

9.405308 

10.594692 

10.013605 

10.608297 

44 

17 

9.392199 

9-986363 

9.405836 

10.594164 

10.013637 

10.607801 

43 

18 

9.392695 

9.986331 

9.406364 

10.593636 

10.013669 

10.607305 

42 

19 

9-393«9i 

9.986299 

9.406892 

10.593108 

10.013701 

10.606810 

4» 

20 
21 

9-393685 
9.394179 

9.986266 
9.986234 

9.407419 
9.407945 

10.592581110.013734 

10.606315 

40 
39 

10.592055110  013766 

10.605821 

22 

9.394673 

9.986202 

9.40847 1 

10.591529 

10,013798 

10  605327 

38 

23 

9.395166 

9.986169 

9.408997 

10.591003 

10.013831 

10.604834 

37 

24 

9-395658 

9.986137 

9.409521 

10.590479 

10.013863 

10.604342 

36 

25 

9.396150 

9.986104 

9.410045 

10.589955 

10.013896 

10.603850 

3  5 

26 

9.396641 

9.986072 

9.410569 

10.589431 

10.013928 

10,603359 

34 

27 

9-397132 

9.986039 

9.411092 

10.588908 

10.013961 

10.602868 

33 

28 

9-397621 

9.986007 

9.411615 

10.588385 

10.013993 

10,602379 

32 

29 

9-398111 

9.985974 

9.412137 

10.587863 

10.014026 

10. 601889 

31 

30_ 

9  398600 

9.985942 

9.412658 

10.587342 

10.014058 

10.601400 

30 

31 

9.399088 

9.985909 

9.413179 

10.586821 

10.014091 

10.600912 

29 

3* 

9-399575 

9.985876 

9413699 

10.586301 

10.014124 

10.600425 

28 

33 

9.400062 

9.985843 

9-414219 

10.585781 

10.014157 

10.599938 

27 

34 

9.400549 

9.985811 

9.414738 

10.585262 

10.014189 

10.599451 

26 

35 

9.401035 

9.985778 

9.415257 

10.584743 

10.014222 

10.598965 

25 

;6 

9.401520 

9.985745 

9-415775 

10.5847,25 

10.014255 

10  598480 

24 

37 

9  402005 

9.985712 

9.416293 

10.583707 

10.014288 

10.597995 

23 

38 

9.402489 

9.985679 

9.416S10 

10.583190 

10.014321 

10.59751 1 

22 

39 

9.402972 

9.985646 

9.417326 

10,582674 

10.014354 

10.597028 

21 

40 
4« 

9-403455 

9.985613 
9.985580 

9417842 

10  582158 

10.014387 

10.596545 

20 
19 

9-403938 

9.418358 

10.581642 

10.014420 

10.596062 

42 

9.404420 

9-985547 

9.418873 

10  581127 

10.014453 

10.595580 

18 

43 

9.404901 

9.985514 

9-419387 

10.580613 

10.014486 

10.595099 

17 

44 

9.405382 

9.985480 

9-419901 

10. 5  8009  9 

10.014520 

10.594618 

16 

45 

9.405862 

;. 985447 

9.420415 

10.579585 

10014553 

10.5-94138 

15 

46 

9406341 

9.985414 

9.420927 

10.57907s 

10.014586 

'O.593655 

14 

47 

9.406820 

9.985381 

9.421440 

10.578560 

10.014619 

10.593 180 

'3 

48 

9.407299 

9-985347 

9.421952 

10.578048 

10.014653 

10.592701 

12 

49 

9-407777 

9-985314 

9.422463 

10.577537 

10.014686 

10.592223 

1 1 

50_ 
5« 

9.408254 
9.408731 

5.985280 
9-985247 

9.422974 
9.423484 

10.577026 
10.576516 

10.014720 

10.591746 
10.591269 

10 
9 

10.014753 

52 

9.409207 

9-985213 

9-423993 

ro.576007 

10.014787 

10.590793 

8 

53 

9.409682 

9.985180 

9.424503 

10.575497 

10.014820 

10.590318 

7 

54 

9-4 '0157 

9-985146 

9.425011 

10.574989 

10.0.4854 

10,589843 

6 

55 

9-4»o632 

9-985113 

9.425519 

10.574481 

10.014S87 

10.589568 

5 

56 

9.411 106 

9.985079 

9.426027 

10.573973 

10.014921 

10  588894 

4  ^ 

57 

9.411579 

9.985045 

9.426534 

10.573466 

10.014955 

10.588421 

3 

5S 

9.412052 

9.985011 

9.427041 

10.572959 

10.014989 

10.587948 

2 

59 

9.412524 

9-984978 

9.427547 

10.572453 

10.015021 

10.587476 

1 

60 

9.412996 
Co-sine- 

9.984944 
Sine. 

9.42S052 

10.571948 

1D.015056 

10.587004 

0  ; 
M  % 

Co-lanj^. 

Tang. 

Co-sjic. 

Secant. 

75  V. 
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15  Degrees. 


Sine.     , Go-sine. 


of9-4'2996|9-984944 

1  9.41^467,9.984910 

2  9.4i3938'9.98i876 
9.414408 '9.084842 
9.414878  9  984808 
9-4»5547  9-984774 
9,415815  9.984740 
9.41628319.984706 
9.41^751  9.984672 
9.41721719.984638 
9.41768419.984603 

9.41815019.984569 
9418615J9.984535 
9.419079I9.984500 
9.41954.^19.984466 
9.42000719.984432 
9.420470J9.984397 
9.420933  j9.9«4363 
9.4Zi395!9.984328 
19  9.421857:9.984294 
20;9.4223i8i9.984259 

21J9.42277819. 984224 
2219.423238  9.984190 
2319.423697  9.984155 
24'9.424i 56  9.984120 
25:9.424615  9.984085 
26.9.425073 '9.984050 

27|9-425530J9  9^40M 
28:9.425987  g.98398 1 
29'9.426443j9.983946 
30 : 9  4^6899  9.98391-1 

3 1';9-4*7354  9-983875 
32:9.427809  9.983840 
^3:9.428263  9983805 
349.428717  998377c 

35,9-429170  9983735 
36:9.429623 19.983700 
3719430075:9.983664 
38:943052719.983629 
39^9.43097819.983594 
JO  1 9431429 1 9983558 

4i'9.43i879:9-983523 
42i9-432329'9  983487 
43I9.432778I9  983452 
44!9-433226i9.9834t6 
45;9  433675!9-98338i 
46,9.434i22;9-983345 
47;9-434569  9983309 
48;9.4350i6  9-983273 
49.9435462  9-983238 
50 1 9  435908 i 9.983202 

5i.9-436353'9-983i66 
5219.436798  9-983 '30 
53{9'437242  9-983094 

54  9. 4376869  983058 

55  9.438129  9-983022 

56  9.438572.9-982986 

57  9-4390H  9-982950 

58  9439456  9-98^914 

59  9  439897  9982878 

60  9.440338  9.982842 

Co-sine,  i  Sine. 


Tang. 

,428052 
428557 
429062 
429566 
430070 
430573 
431075 
9-43'577 
432079 
432580 
433080 

433580 
434080 
9-434579 
435078 
435576 
436073 
436570 
437067 

437563 
438059 


438554 
439048 
■439543 
440036 
440529 
441022 
441514 
442006 
442497 
442988 


443479 
443968 
444458 
444947 
44S435 
445923 
44641 1 
446898 

447384 
447870 


448356 
448841 
449326 
449810 
450294 

450777 
451260 

45^743 

9.452225 

452706 


,  453187 
9-453668 
454148 
.  454628 
9-455107 
,  455586 
9.456064 
456542 
19.457019 
[9-457496 
!  Co-tang-. 


Co-tang. 

3.571948 
3-571443 
3-570938 

3.570434 
0.569930 
0.569427 
1.568925 
to  568423 
0.567921 
0.567420 
0.566920 
0.566420 
0.565920 
o  565421 
0.564922 

0.564424 
0.563927 
[0.563430 
0.562933 
0562437 

0.561941 

0.561446 
o  560952 
:  0.560457 
0.559964 

0.559471 
0.558978 
0.558486 
0.557994 

0-557503 
LO.557012 

01756521 
0.556032 

0.555542 
0.555053 
0.554565 

^0.554077 
0.553589 
0.553102 
0.552616 
05  52 1 30 
0.551644 

0.55^159 

0.550674 
0.550190 
o.5497o5j 
10.549223 1 
548740I 
0548257 
10.54^775! 
0.547294' 

o  546813: 
0.5463321 
0.5458521 


Secant. 


■34-3^ 


72 


o  544893: 
0.544414* 
0.543936. 
0.543458 
:o.54298i; 

0-542504! 
Tang-.  ■ 


0.01543 

0.015465 

0.015500 

0.015534 

0.015568 

0.015603 

0,015637 

0.015672 

iO.015706 

0.015741 

0.015776 
0.015810 
0.015845 
0.015880 
o  015915 
0,015950 
o. 015985 
O.OI60I9 
0.016054 
0.016089 

O.OI6I25 
O.OI6I60 
to.Oi6i95 
0.016230 
0.016265 
0.016300 
0.0x6336 
0.016371 
0.016406 
0.016442 

0016477 
0.016513 
0.0 16  54^8 
[O.016584 
0.016JS19 
0.016655 
0.016691 
[  0.016727 
0.016762 
0.016798 
0.016834 
0016870 
0.016906 
0.016942 
;o.Oi6978 
0.017014 
0.017056' 
0.017086 

0.017  £22' 
0.017158; 

Go-sec.  i 


Co-sec. 

M 

10.587004 

60 

10.586533 

59 

10.586062 

58 

10.585592 

57 

10.585122 

56 

10.584653 

55 

10.584185 

54 

10.583717 

53 

10.583249 

52 

10.582783 

51 

10.582316 

50 

10.581850 

49 

10.581385 

48 

10.580921 

47 

10.580456 

46 

10.579993 

45 

10.579530 

44 

10.579067 

43 

10.578605 

42 

10.578143 

41 

10.577682 

40 

10.577222 

3«9 

10  576762 

38. 

10.576303 

37 

10.575844 

36 

10.575385 

35 

10.574927 

34 

10.574470 

33 

10.574013 

32 

10.573557 

31  . 

10.573101 

30 
29 

10.572646 

10,572191 

28 

J0.57I737 

27 

10.571283 

26 

10.570830 

25 

10.570377 

24 

10.569925 

23 

10.569473 

22 

10.569022 

21  ^ 

10.568571 

20 ' 
19 

10.568121 

10.567671 

18 

10.567222 

17 

10.566774 

16 

10.56-6325 

15 

10.565878 

14 

10.565431 

13 

10.564984 

1^ 

10,564538 

II 

10.564092 

10 

10.563647 

9 

10.563202 

8 

10.562758 

7 

10.562314 

6 

10.561871 

5 

10.56 142S 

4 

10.560986 

3 

10.560544 

2 

10.560103 

I 

10.559662 

0 

Secant. 

M 

74  Degrees. 
F 


42     LOGARITHMIC  SINES,  TANGENTS,  AND  SECANT5, 


16  Degrees. 


M  ;  -iv.e.   C.=  ^.nr  ,  Tanff. 

Co-ian»i-.   Secant. 

Co-sec 

M 

o 

^  44-338  9982842 

9-457496 

10.542504I10.017158 

10.559662 

60 

1 

9  44077-^  9.982&05 

9  457973 

io.542027|io.oi7i95 

10.559222 

59 

2 

g.  ;4i4l8  9.982769 

9.458449 

10.541551  10.017231 

10.558782 

58 

3 

9.44(658  9.982733 

9  458925 

10.541075  10017267 

10.558342 

57 

4 

9.44.2096  9.982696 

9.459400 

10. 54c6co  10.017304 

10557904 

56 

5 

9442535  9-982660 

9-459875 

IC.540125110.017340 

10.5.57465 

55 

6 

9.442973  9.982624 

9-460349 

10.539651  10-017376 

10.557027 

54 

7 

9 4434109 982587 

9  460823 

10.5391771IO.017413 

10.556590 

53 

8 

9.443847  9982551 

9.461297 

10.538703I10.017449 

10.556153 

52 

9 

9-444284  9982514 

9.461770 

10.538230' 10.017486 

10.555716 

51 

lO 

9.444-20  9982477 

9  462242 

10.537758:10.017523 

10  555280 

50 

~ 

9445155  9982441 

9,462714 

10.537286  10.017559 

10.554845 

49 

.:t 

9.445590  9.982404 

9  463186 

10.536814JXO.017596 

10-554410 

48 

.3 

9.446025  9  9^^2367 

9.463658 

10.536342  10.017633 

10.553975 

47 

'4 

9.446459  9  98233* 

9.464128 

10.535^721 10.017669 

10.553541 

46 

•5 

9.446893  9,982294 

g. 464599 

10.535401  ■10.017706 

10.553107 

45 

.6| 

9  447326  9-982257 

9.465069 

10.534931J10.017743 

10  552674 

44 

i?' 

9-44-759  9  982220 

9  465539 

10.534461I  10.017780 

10.552241 

43 

i8 

9-W8'9i  9-982183 

9.466C08 

10.533992. 10.017817 

10.551809 

42 

19! 

9.448623  9.982146 

9.466476 

10.533524110.017854 

10.551377 

41 

20,9-449054  9-982109 

9.466945 

10  533055;io.Oi789i 

10.550946 

40 

if '9  449485  9982072 

9-4674'3 

io.532587iio.O!7928 

10.550515 

39 

22  9  449/15  9-982035 

9.467880 

!0.532i20'io.oi7965 

10.550085-  38  1 

23  9-450345  9-98'998 

g. 468347 

io.53i653'io.Oi8oo2  10549655 

37 

24'9  450775  9-981961 

9.468814 

10.531186  JO.018039  10.549225 

36 

2v9.45'204  9  981924 

9.469280 

10.530720  10.018076  10. 548796 

35 

26  9  451632  9.981886 

9  469746' 

10.53025410.0181 14  10.548368 

34 

27  9.452060  9.981S49 

9.470211: 

10,529789,10.018x51  10.547940 

33 

28  9.452488  9.981812 

9.470676; 

10.529324  10.018188  10.547512 

32 

29  9-452915  9-9^1774 

9-471141; 

10.528859  10  018226  10.547085 

31 

30  9-453M2  9-981737 

9  471605 

10.528395  10.018263  10.546658 

30 

31  9453768  9.981700 

9.472068 

10.527932!  10.018300  10.546232 

29 

32  9  454'94  9-981662 

9-472532, 

10.527468,10.018338  10.545806 

28 

33. 9-454619  9-981625 

9-472995 

10.5  27C05' 10.01 83  75. 10.54538 1 

27 

34. 9455044  9-981587 

9.473407. 

10,526543  10.018413  10.544956 

26 

35  9-455469  9981549 

9-473919 

10.526081,10.018451  10.544531 

25 

36  9-455893  9-98x512 

9-47438r 

10. 5256 19  10.01 8488  10.544107 

24 

37  9456316  9  98«474 

9.474842 

10.525158  10.018526  10.543684 

23 

38  9-456-39  ^-981436 

9-475303' 

10.524697:10.018564  10.543261 

22 

39  9-457162  9.981399 

9-475763; 

10.524237  10.018601: 10.542838 

21 

40 

9.457584  u. 981361; 

9-476223 

io.523777'iO. 018639 

10.542416 
10.541994 

20 
19 

4« 

9.458006  9.98132319.476683' 

10.52331710.018677 

42  9.458427  9.981285:9.477142 

10.522858  10018715  10.541573 

18 

43  9.458848  9.981^47,9.477601 

10.522399,10.018753  10.541152 

17 

44  9459268  9. 98i209'9  478050, 

10. 5  2  1941 110.01879 1  10.540732 

16 

45  9459688  9.98:171:9.478517; 

10.52148310. 018829  10.540312 

15 

46  9460108  9.981133  9.478975' 

10.52102510.018867  10.539892 

14 

47  9460527  9981095,9.479432; 

10.520568  10.018905  10.539473 

13 

48  9460946  9.981057:9.4798891 

10.520111:10.018943  10.539054 

12 

49  9-461364  9981019  9-480345, 

10. 5  1965  5 110.018981- 10. 538636 

II 

50  9.461-^82  9.980981  9  480801I 

10.51919910.019019  10.538218 

10 

51  9.462199  9.980942  9.481257' 

10.518743110.019058110.537801 

9 

52  9462616  9.980904  9.481712 

10.518288I10.019096  10.537384 

8 

53  9  463032  9  980866  9.482167J 

10.517833  10.01913410.536968 

7 

54  9.463448  9.980827  9.482621! 

10.517379,10.019173  10.536552 

6 

55  9.463864  9.980:^89  9  483075 

10. 5 16925;  1 0.01 921 1'  10.536136 

5 

56  9.464279  9980750  9.483529 

1 0.5  1 647  1 1 10.019250  10.535721 

4 

5-  9.4-4994  9-980712  9.4849821 

10.516018.10.019288:10.535306 

3 

58  9.465108  9.980673  9  484435I 

10515565)10.019327:10.534892 

2 

59  9-465522  9-980635  0.484S87 

10.5151  (3110.019365  10.534478 

I 

60  9.46593:;  9.980596  9.485339' 

10.514661  10.010404  10.534065 

0 

.M  0.  sine   Snie.   Cotanj?    1  ang.   Cu-stc.  i  Secant.  . 

M 

73  Degrees. 
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17  Degrees. 


o 
I 

2 

3 

4 
5 
6 

7 
8 

9 

lO 

1 1 

12 

H 

5 

i6 

17 


20 

2: 

22 
23 
24 

^5 
26 

27 
28 
29 
30_ 

31 
32 
33 
34 
35 
36 
37 
38 
39 

11 

4' 

42 

43 

44 
4? 
46 
47 
48 
49 


S3 
54 
55 
56 
57 
58 
59 
60 


Sine. 

9-465935 
9.466348 
9.466761 
9-467173 
9467585 
9.467996 
9.46S407 
9.468817 
9.469227 
9-469637 
9.470046 

9470455 
9470863 
9-471271 
9.471679 
9.472086 
9472492 
9.472898 

9473304 
9  4737i«> 
9474115 


Co-sine.  T  Tang-.  .  Co- tang-. 


9. 980596, 9.485339' 10. 5 14661 
9. 980558:9. 485791  ro.514209 
9  98051919.486242*10  513758 
9980480:9.486693  10.513307 
9.9804429487143  ro.512857 
9.980^0319.487593  10.512407 
9  980364  9.488043:10.511957 
9.980325  9.48849210.51150" 
286,9.488941  10.511059 
9.980247  9.489390  10.510610 
9.980208  9.489838  10510162 
9.980169,9  490286^10.5097 14 
9. 980 1 30. 9.490  73  3  10.509.267 
9.980091:9.491 180  10  508820 
9.980052  9. 49i627;io  508373 
9.980012  9  192073  lO  507927 
9-979973 '9  492 519; iO-5'^748 1 

9-97993419-492965  10-507035 
9.97989  5:9.493410' 10.506590 
9:979855)9  493854!  10.506 146 
9  9798i6'9.494299jio.50570i 


9  474519  9  979776^9  494743iio.505257 
9  474923  9-979737  9-495186I10.504814 
9.475327  9.979697 19.49^630!  10. 504370 
9.475730  9  979658i9.496073;i0.503927 
9.476133  99796(819.496515110.503485 
9.476536  9.979579  9.49695-7110.503043 
9  476938  9,979539i9  497399J10  502601 
9.477340  9  979499J9.497841JIO.502159 
9.477741  9  979459i9-498282lio  501718 
9.478142  9.979420J9  498722' 10.501278 
9.478542  9.979380:9. 499163- 10. 500837 
9  478942  9  97934Oj9.499603'io.500397 
9.479342  9.979300  9.50004a;  10  499958 

9.479741  9-979260  9.500481  j  10  499519 
9.480140  g.979220  9. 500920I  10.499080 
9.480539  g.979 180  9. 50 1 3 59' 10=498641 
9.480937  9,979140,9.501797  10  498203 
9-481334  9-979100:9  502235  JO.497765 
9.481731  9.979059I9.502672' 10.497328, 
9.482 1 28 1 9.9790 19:9.503109  10.496801 

9.48252519978979 
9.48292119  978939 
9483316  9.9 


9.48371219975 


9.484i07i9  978817 
9.48450119.978777 
9.484895  9978737 
9. 485289[9. 978696 
9.485682J9.978655 
9.486075!  9-978615 
9486467  9.978574 


9.503546,10.496454 

9. 503982J10. 496018 

9.504418.10.495582 

58i9.504854!io.495r46 


9  486860 
9.487251 
9 


9-978533 
9.978493 


7643  9978452 
9.488034:9.978411 
9.488424I9  978370 
9.488814 
89204 


9-4^9593 
9  489982 
Co-sine. 


9.505289I10.494711 
9  505724)10.494276 
9.506159?  10. 493841 
9.506593 '10.493407 
9.507027I  10  492973 
9.507460  10492540 

9  507893 
9.508326 


Secant. 


10.019404 
10.019442 
10.019481 
20 
10.019558 
10. 019597 
10.019636 
10.019675 
10.0197 14 
10.019753 
10  019792 


Co-sec. 


10.534065 
10533652 
10.533239 


10.532415 
10.532004 
10.531593 
10.531 183 

10.530773 
10.530363 
10529954 


10.01983  c  j  10.529545 
10.019870J  10.529137 
10  0199O9  10.528729 


0.019948 
10.019988 
10.020027 
10.020066 
10.020105 
10.020145 
10.020184 


lO  020224 
10.020263 
10  020303 
10  020342 
10.C20382 
10.020421 
10  020461 
10.020501 
10.020541 
10.020580 


10.528321 
10.527914 
10  527508 
10.527102 
10.526696 
10.526290 
10.525885 

10.525481' 
10  525077, 
10.524673 
10  524270 
10.523867; 
10.523464 
10  523062 
10.522660 
10.522259 
10.521858 


10.020620J  10  521458 
10.020660: 10.52(058 
10.020700!  10.520658. 
10.0207401 10.520259! 
10.020780JIO.519860! 
10.020820  10.519461! 
io.02o86o'io.5i90'^3: 
10.0209001 10.518666 
io.o2094i}io.5i8269. 
10.020981'  10  517872- 


10.021021  10. 517475- 
io.C2io6i!ia,5i7079| 
10.021102110.516684; 
10.021142,10.5162881 
io.02ii83;io.5i5893i 
10.021223.10.515499! 
10. 021263:10. 515105! 
10.021304-10.514711; 
10.021345.10.5143181 
10. 02138510. 513925' 

10.C21426  10.513533 
10.021467,10.513140 
10.021507  10  512749 
10.021548  10.512357 


60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

5°, 

49 

48 

47 
46 

4; 
44 
43 
42 

41 

40 

39 
38 
37 
36 
3  5 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 

15 

14 
13 

12 
II 

10 


10  492107 

10.49  i674 
9.508759:10.49124; 
9,509191  10  490809 
9.5096.-2  10.490378^0.021589  10.511966 


10.021630  10  511576! 
10.021671  10.511 186| 


9.510054  10.489946 
9.978329  9. 5104S5  10.489^15 

9.978288  9.510916'  10.489084110.021712  10.510796 
9978247  9.511346:10.482654110.021753  10.510407 
9.978206  .9. 511776:10. 488224110. 021794  10.510018 

Co-tang".  ■    Tang".     '    Co-.scc.      Secant 
72  }>egrQf^&. 
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18  Dep^rees. 

M  1  Suie. 
o  9.489982 

Co-sine. 
9.978206 

'fang. 
9.511776 

Co -tang. 

Secant. 

Co-sec. 
10.510018 

M 

60 

10.488224 

10.021794 

I  9.490371 

9.978165 

9.512206 

10.487794 

10.021835  10  509629 

59 

2  9.490759 

9.978124 

9.512635 

10.487365 

10.021876  10.509241 

58 

3  9-49' H7 

9.978083 

9.513064 

10.486936 

10.021917 

10.508853 

5- 

4  9-49«S35 

9.978042 

9-513493 

10.486507 

10.021958 

10.508465 

56 

5  9-49192* 

9.978001 

9.513921 

10.486079 

10.021999 

10.508078 

55 

6  9.492308 

9-977959 

9-5K349 

10.485651 

10022041 

10.507692 

54 

7  9-49^695 

9.977918 

9-514777 

10.485223 

10.022082 

10.507305 

53 

8  9-4930SI 

9-977877 

9-.515204 

10.484796 

10.022123 

10  506919 

52 

9  9-493466 

9977835 

9.515631 

10.484369 

10.022165 

10.506534 

51 

t 

10  |9-49385' 

11  I9.494236 

9-977794 
9-977752 

9.5»6o57 
9.516484 

10.483943 

10.022206 
10.022248 

10.506149 

50 

10.483516 

10  505764 

49 

\2    9-494^2' 

9-977711 

9.516910 

10.483090 

10.022289 

10.505379 

48 

13  9.495005J9.977669 

9-5*7335 

10.482665 

10.022331 

10.504995 

47 

14  |9-495S^8:9.9'7628 

9.517761 

10.482239 

10.022372 

10.504612 

46 

15  l9-4957-2'9-97755{6 

9.518185 

10.481815 

10.022414 

10.504228 

45 

16  ;9,496»s4-9-977544 

9.518610 

JO.481390 

10.022456 

10.503846 

44 

17  '9-496537!a.977S03 

9  519034 

10.480966 

10.022497 

10  503463 

43 

iS  :9.4969i9  9 977461 

9.519458 

10.480542 

ro. 022539 

10.503081 

42 

f 

19  i9  497301  9-9774'9 

9.519882 

10480118 

10.022581 

10.502699 

41 

20  (^.49:68219,977377 

9-520305 

10.479695 

ro.022623 

10.502318 

40 

2.  :9.498o64i9  977335 

9.520728 

10.479272 

10.022665 

10.501936 

39 

22  19.49844419.977293 

9521151 

10.478849 

10  022701 

10.501556 

38 

2>    '9.49882519.97725' 

9.521573 

ro.478427 

10.022749 

10.501175 

37 

24  19.49920419.977209 

9.52199; 

10.478005 

10.022791 

10.500796 

36 

i 

25  |9-499584!9-977i67 

9.522417 

10477583 

10  022833 

10.500416 

35 

26  19.499963 

9.977125 

952^838 

TO.477162 

I00228-'5 

10.500037 

34 

27  i  9- 500342 

9.977083 

9.523259 

10.476741 

10.022917 

10499658 

3^ 

t8 

9  500721 

9.977041 

9.523680 

10.476320 

10.022959 

10499279 

32 

29 

9.501099 

9.976999 

9.524100 

10.475900 

10.023C01 

10498901 

31 

30^ 

9.501476 

9.976957 

9.524520 

10.475480 

10.023043 

10.498524 

J0_ 

3i 

9501854 

9.976914 

9-524939 

10.475061 

10.023086 

10.498146 

29 

32 

9.502231 

9.976872 

9-5^5359 

10.474641 

10023128 

10.497769 

28 

33 

9  502607 

9.976830 

9.525778 

10.474222 

10.023170 

10.497393 

2; 

34 

9.502984 

9.976787 

9.526197 

10.473203 

10023213 

10.497016 

26 

35 

9.503360 

9.976745 

9.526615 

1047338,^ 

10.023255 

10.496640 

25 

36 

9  503735 

9.976702 

9-527033 

ro.472967 

10  023298 

10.496265 

2.f 

37 

9.5041 10 

9.976660 

9.527451 

10.472549 

104023340 

10.495890 

23 

38 

9.504485 

9.976617 

9.527868 

10472132 

10.023383 

10.4955 '5 

22 

39 

9.504860 

9.976574 

9.528285 

10.471715 

10.023426 

10.495140 

21 

40_ 

9.505234 

9.976532 

9.528702 

10.471298 

10.023468 

10.494766 

20 

4' 

9  505608 

9.976489 

9  529i'9 

10.470881 

10.023511 

10494392 

J9 

42 

9.505981 

9.976446 

9-529535 

10.470465 

10.0235^4 

10.494019 

18 

43 

9.506354 

9.976404 

9  529950 

10.470050 

10.023596 

10493646 

17 

44 

9.506727 

9.976361 

9.530366 

10469634 

10.023639 

10.493273 

16 

45 

9.507099 

9.976318 

9  530781 

10.4O9219 

10.023682 

10.492901 

J5 

46 

9-50747  J 

9.976275 

9  531196 

10.468804 

10.023725 

10.492529 

14 

47 

9.507843 

9  976232 

9-53 '6 1 1 

10468589 

10023768 

10492157 

'3 

48 

9.508214 

9.976189 

9  532025 

10.467975 

10.02381 1 

10.4917S6 

12 

49 

9.508585 

9.976146 

9-532439 

10.467561 

10.023854 

10.49 141 5 

11 

50 

9.508956 

9.976103 

9  532853 

^0-467 '47 

10.023897 

10.491044,  10 

S' 

9.509326 

9.9-6060 

9  533266 

10.466734 

10.023940 

10.490674 

9 

5^ 

9  509696 

9.976017 

9  533679 

10.466321 

10  023983 

10.490304 

8 

53 

9.510065 

9975974 

9-534092 

io.465iio8 

10.024026 

iO.489935 

7 

. 

■54 

9.510434 

9-975930 

9-534504 

10.465496 

10.024070 

10.489566 

6 

55 

9.510803 

9975^87 

9.534916 

10.465084 

10.024113 

10.489197 

S 

56  19.511172 

9-975844 

9535328 

10.464672 

10.024156 

10.488828 

4 

$7 

9.511540 

9975800 

9  535739 

10  464261 

10.024200 

10.488460 

3 

58 

9.5  1 1907 

9-975757 

9  536150 

10.463850 

10.024243 

10.488093 

2 

59 

9.512275 

9975714 

9  536561 

10463439 

10.0242S6 

10.4S7725 

1 

60  9.512642 

9.9756-'0 

9.536972 

10.463028 

10.024330  10.487358 

0 

1  M  '  Co-siuc.  Sine.  ' Co-tang. ' 

Tang.  '  Co-sec.  |  Secant.  ^  j 

71  l^egrees. 


LOGARlTH^ne  SI^S.  TANGEXTS,  AXD  SECANTS,     4S 


19  Degi-ees. 


Sine 


o 

I 

2 

3 

4 
5 
6 

7 
8 

9 

lO 

ri 

12 

J3 

•4 
5 

i6 

r/ 
i8 
rg 

20 
2^1 
22 

23 
24 

•'5 
26 

27 
zS 
29 
jO 

31 

32 
33 

!4 

!5 

36 

37 

38 

39 

40_ 

41 

42 

43 

44 

4S 

46 

47 
48 

49 

i£. 

51 

52 

53 

54 

;6 

!'.: 

I   M 


Co-sine.  I    Tan'4"    '  Cc-tang-.  (  Secant. 


9.512642 
9.5 1 3009 
9-5»3375 
9.513741 
9.514107 

9514472 
|9-5i4837| 
I9.515202, 
19.515566; 

9-5I5930 
'9516294! 

■'9.516657; 

'9.5170201 

i  9- 5 17382; 

9-517745 

•9.518107 

j  9. 5 1 8468 

19.518829 

19.519190 

9-5'955' 

J9.5t99'» 

'9.52027  r 

•  9.520631 

9.520990 

9.521349 

9.521707 

9.522066 

9.522424 

9.522781 

9-523138 

9-523495 

9.523852 

9.524208 

9.524564 

9.524920 

9.525275 
9.525630 
9.525984 

9-526339 
9.526693 
9.527046 


9.527400 

9-527753 
9.528105 
9.528458 
9.528810 
g.529161 

9-529513 
9.529S64 
9.530215 
9530565 


9.975670I9 
9-975627'9 
9.975583;9 
9-975539;9 
9.97549619 
9.975452:9 
9.975408  9 
9-975365  9 
9.975321,9 
9.9752779, 

9-975233  9 
9.975189.9 
9'975i45:9 
9.975i0ii9 

9-975057  9 
9.975013:9 
9.974969J9 

9-97492519 
9.974880  9 
9.974836  9 
9974792 

9.974748 
9-974703 
9.974659 
9.974614 
9-974570 
9-974525 
9.974481 
9.974436 
9-974391 
9-974347 


9-530915 
9.531265 
9.531614 
9.531963 
9-532312 
9.532661 
9.533009 
9-533357 
9-533704 
9-_5340_|2 

Co-sine 


9.974302 
9-974257 
9.974^12 
9.974167 
9.974122 
9.974077 
9.9740^2 

9-973987 
9-973942 
9973897 

9-973852 

9.973807 

9-973761 

9.973716 

9.973671 

9.973625 

9  973580 

9-973535|9 

9-973489|9' 

9.97344419_ 

9' 
9 


99-73398 
9-973  J.  52 
9-973307 
9-973261 
9.973215 
9.973169 
9-973124 
9.973078 
9973032 
9.972986 

Sine. 


536972' 
537382, 

537792. 
538202 
53861 1, 
539020 
539429' 
539837' 
540245! 

540653; 
54'06i' 

541468, 

541875: 
542281 
542688! 
543094; 
543499 
543905 
544310 

544715 
545"9 


545524 

545928 

546331 

546735 

547138 

547540! 

54'^943! 

548345 

548747 

549149! 

549550* 

549951 

550352 

550752 

551152 

551552 

551952 

552351 

552750 

553149 

553 548 1 

553946 

554344 

554741 

555'39{ 

555536J 

555933 

5563.29 

556725 

5575»7 
557913 
558308 
558702 
559097 
55949 f 
559885 
560279 
560673 
561066 


Co-tanjT. 


0.4630281 
o  462618^ 
0.462208; 
0.461798 
0.461389 
0.460980 
0.46057X' 
o  460163 
0-459;  55, 
0.459347' 
0.458939 


0.458532 
o  458125^ 

0.457719: 
0.457312 
0.456906^ 
0.456501! 
0.456095  j 
0.455690 
0.455285 
0.454881 


0.454476J 
0.4540721 
0.453669! 
0.453265 
0.452862 
0.452460! 

0.452057! 
0.451655I 
0-451253; 
o  450851 


0.450450J 
0.450049  j 
0.44964S 

0.449248 

0.448848 
0.448448 

0.44S048 
0.447649 
0.447250 

0.44685 1 

0.446452 
0.446054 
0445656 
0.445259 

0.444S61 

0.444464 
0.444067 

0.445671 

0-443275 

0.442879 

0.442483 

0.442087 
0.441692 
0.441298 

0.440903 
0.440509 
0.4401 15 
0.439721 

0.439327, 
0.438934: 


Tan: 


0  Ddgre^<?. 


0.024330 
0024373 
0.024417 
o  024461 
0.024504 
10.024548 
o  024592 

0.0^4635 

0.024679 

10.024723 
o  024767 


0.0248 1 1 
0.024855 

0.024899 

0.024943 

0.024987 
0.025031 

0.025075: 

0.025  I  20; 

0.025164; 

0.025208! 

0.025252 
0,025297' 

0.025341; 

0.025386 
0.025430 

0.025475: 

0.025519, 

o  02.5564: 
:o.025609' 
0.035653I 
0.025698! 

0.0  2  5743! 

0.0258781 
0.025923' 
0.025968 
0.026013 
0.026058 
0.026103 


[O.O25; 


0.026  148  j 

0.0261931 

C.O26239 

0.026284 

0.026329 

0.026375 

0.0  2  64  20 

0.026465 

0.02651  1 

0.026556 


0.026-602 
0.026648 
0.026693 
0.026739 

o  026785 

0.026831 
0.026876 
0.026922 
0.026968 
0.047014 


Co-sec. 


Co-sec. 

M 

10.487358 

60 

10.486991 

59 

10.486625 

58 

10  486259 

57 

10.485893 

56 

10.485528 

55 

10.485163 

54  . 

10.484798 

53 

10.484434 

52 

10.484070 

51 

10.483706 

50 

10.483343 

49 

10.482980 

48 

10.482618 

47 

10.482255 

46 

10.481893 

45 

10.481532 

44 

10.481171 

43 

10.480810 

42 

10  480449 

4' 

10.480089 

40 

10.479729 

39 

10.479369 

38 

10.479010 

37 

10.478651 

36 

10478293 

35 

10.477934 

34 

10.477576 

33 

10.477219 

32 

10.476862 

31 

10476505 

30 

10.476148 

29 

10.475792 

28 

10.475436 

27 

10.475080 

2& 

10.^74725 

25 

10.474370 

24 

10.474016 

23 

10.47366J 

22 

io.47330- 

21 

10.472954 

20 

10.472-600 

19 

10.472247 

18 

10.471895 

17 

10.471542 

16  j 

10.47 1 190 

15  ! 

10.470839 

14 

1C.470487 

13 

10.4-0136 

12 

10.469781; 

''  I 

10.469435 

10 1 

10.469085 

9 

10.468735 

8 

10.468386 

7  i 

10.46S037 

6  ; 

10.4676S8 

5  ] 

10.467339 

4  i 

ro.466991 

J  i 

10.466643 

2 

10.466296 

I 

10.46^^948 

0 

Secant. 

46      LOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS. 


20  Degrees. 


M 

Sine.  , 

0 

9-534052! 

I 

9-534399J 

2 

9-534745 

^ 

9-5350921 

4 

9  535438 

S 

9-535783 

6 

9.536129 

7 

9-536474 

8 

9.536818 

9 

9-537163 

10 

9-537507 

,: 

9-537851 

12 

9.538194 

n 

9-538538 

14 

9.538S80 

IS 

9-539223 

i6 

9-539565 

I? 

9-539907 

i8 

9.540249 

'9 

9.540590 

20 
21 

9  540931 

9-54I272 

25 

9-541613 

23 

9-541953 

^4 

9.542293 

a> 

9-542652 

26 

9.542971 

27 

9-543310 

28 

9.543649 

29 

9.543987 

30 

9-544325 

9.544663 

S2 

9.545000 

3-^ 

9.545338 

34 

9-545674 

><; 

9.54601 1 

36 

9-546347 

37 

9.546683 

38 

9.547019 

39 

9-547354 

40 

9-547689 

41 

9.548024 

42 

9- 5483  59 

43 

9.548693 

44 

9-549027 

4S 

9.549360 

46 

9-549693 

47 

9.550026 

48 

9- 5503  59 

49 

9.550692 

SO 

9.551024 

S» 

9.551356 

S^ 

9.55.687 

S3 

9.552018 

S4 

9-552549 

'J^' 

9.552680 

S6 

9.553010 

S7 

9-553341 

s« 

9-553070 

59 

9- 5  5400c 

60  9.SS43-9 

M 

(;o-sine.  1 

Co-sine 

9.972986 
9.972940 
9.972894 
9.972848 
9.972802 
9.972755 
9.972709 
9-972*63 
9.972617 
9.972570 
9.972524 
9.972478 
9.972431 
9.972385 
9.972338 
9.972291 
9.972245 
9.972198 
9.972151 
9-972105 
9.972058 

9.97201  i 
9.971964 
9.971917 
9.971870 
9.971823 
9.971776 
9.971729 
9.971682 
9  971635 
9.971588 


9.971540 

9-971493 
9.971446 
9-971398 
9.971351 
9-971303 
9,971256 
9.971208 
9.97  1 161 
9.971113 
9.971066 
9,971018 
9.970970 
9.970922 
9.970874 
9-970827 
9.970779 

9-9:0731 
9.970683 
9.970635 

9.970586 
9.970538 
9970490 
9.970442 
9970394 
9.970345 
9.970297 
9.970249 
9.970200 
9.970152 


rang.  ,  Co-tan^ 

61066I10.438934 
61459I10.438541 
61851J 10  438149 
62244  10.437756 
10.437364 
10.436972 
10.436581 
10.436189 
10.435798 
10.435408 
10.435017 

10,434627 

10.434237 
10,433847 
10.433458 
10.43306^ 
10.432680 
10  432291 
10  431902 
10.431514 
10.431 127 


62636 
63028 

63419 
63811 
64202 
64592 
64983 

65373 
65763 
66153 
66542 
^6932 
67320 
67709 


68486 
68873 

69261 
69648 

70035 
7042  2 
70809 
71195 
71581 
71967 
72352 
72738 

73123 

73507 
73892 

74276 
74660 

75044 
75427 
75810 

76193 
76576 


76958 
7734' 
77723 
7S104 
78486 
78867 
79248 
79629 
80009 
80389 

80769 
81 149 
81528 
81907 
82286 
82665 
83043 
83422 
83S00 
84-.  ■'7 


10.430739 
10430352 

10.429965 
10.429578 
10.429191 
10.428805 
10428419 
10.428033 
10.427648 
10.427262 


10.426877 
10.426493 
10.426108 
10.425724 
10.425340 
10.424956 
10.424573 
10.424 1 9'.^ 
10.423807 
10.42342^ 


10.423042 
10.422659 
10.422277 
10.421896 
JO.421514 
10.421133 
10.420752 
10.420371 
10.419991 
10  4 1 96  1 1 


Secant 


10419231, 

10.41S851 

10.418472, 

10.418093; 

10.417714^ 

io.4'733)' 

10416957! 

10416578' 

10.41620O; 

10.415823' 


0.027014: 
0,027060} 
0.027106 
0.027152 
0.027198 
0.027245 
0.027291 
0.027337 
0.027383 
0.027430 
0.027476 


0.027522 
0.027569 
0.027615 
0.027662 
0.027709 
o  027755 
0.027802 
0,027849 
0.027895 
0.027942 


0.027989 
0.028036 
0.028083 
0.028130 
0.028177 
0.028224 
0.028271 
0,028318 
0.028365 
0.028412 

0.028460 
0.028507 
0.028554 
0.028602 
0.028649 
0.028697I 
0.028744; 
0.028792 
0.028839' 
to.028887 


0.028934: 
0.028982; 
0.029030. 
0.029078 
0.029126 
o  029173 
0.029221 
0.029269 
0.0293  17 
0.029365 

0.029414 
0.029462 
0.029510 
0.029558 
0.029606 
0.029655 
10.029703 
0.029751 
O.C29800 
0.029848 


Sine.   Co-ta'-'^  I  'I'ancr.  ■  (Jo-set 


Co-sec 

M 

10465948 

60 

10,465601 

59 

10.465255 

SR 

10.464908 

57 

10.464562 

56 

10.464217 

55 

10.463871 

54 

10.463526 

53 

10.463182 

52 

10.462837 

51 

10.462493 

50 

■4^ 

10.462149 

10.461806 

48 

10.461462 

47 

10.461120 

46 

10.460777 

45 

1C.460435 

44 

10.460093 

43 

10.459751 

42 

10.459410 

41 

10.459069 

40 
39 

10.458728 

10458387 

38 

10,458047 

37 

10.457707 

36 

10.457568 

35 

10,457029 

34 

10.456690 

33 

10456351 

32 

10.456013 

31 

10.455675 

30 
29 

10.455337 

10.455000 

28 

10.454662 

27 

10.454326 

26 

10453989 

25 

10.453653 

24 

10.453317 

23 

10.452981 

22 

10,452646 

21 

10.452311 

20 

10.451976 

19 

10.451641 

18 

10.451307 

17 

10.450973 

16 

10.450640 

'5 

10.450307 

14 

10.449974 

13 

10.449641 

12 

10.44930S 

" 

10.448976 

\   '° 

10.448644 

9 

io.44S3'3 

8 

10  447982 

7 

10447651 

6 

10.447320 

5 

10.446990 

4 

10446659 

3 

10.446330 

^ 

10.446000 

!    I 

10.445671 

0 

•Secant 

M 

69  Deg-T-c?s. 

•5r 
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21  Degrees. 


M 

O 

Sine. 
9554329 

Co-sine. 
9.970152 

Tang. 

Co-tang. 

Secant. 

Co-sec. 
10.445671 

M 
60 

9.584177 

10.415823 

1C.029848 

I 

9.554658 

9.970103 

9-584555 

10.415445 

10.029897 

10.445342 

59 

2 

9-554987 

9.970055 

9-584932 

10.415068 

10.029945 

10.445013 

58 

3 

9-5553x5 

9.970006 

9.585309 

10  414691 

10.029994 

10:444685 

57 

4 

9-555643 

9.969957 

9  585686 

10.414314 

10.030043 

10-444357 

56 

5 

9-55597* 

9.969909 

9.586062 

10.413938 

10.030091 

10.444029 

55 

6 

9.556299 

9.969860 

9.586439 

10.413561 

10.030140 

10.443701 

54 

/ 

9.556626 

9.969811 

9.586815 

10.4131  5 

10.030189 

10-443374 

53 

8 

9-556953 

9969762 

9.587190 

10.412810 

10.03025S 

10.443047 

52 

9 

9.557280 

9.969714 

9-587566 

10.412434 

10030286 

10  442720 

51 

10 

II 

9.557606 
9  557932 

9.969665 
9.969616 

9.587941 

10.412059 

10-030335 
10.030384 

iO.442394 

50 
49 

9-588316 

10.411684 

10.442068 

12 

9.558258 

9.969567 

9.588691 

10.411309 

10.030433 

10.441742 

48 

13 

9-558583 

9.969518 

9.589066 

10.410934 

10.030482 

10.441417 

47 

14 

9.558909 

9.969469 

9.589440 

10.410560 

10.030531 

10.441091 

46 

^5 

9  559234 

9.969420 

9.589814 

10.410186 

10.030580 

10.440766 

45 

16 

9-559558 

9.969370 

9.590188 

10.  .-.098 1 2 

10.030630 

10.440442 

44 

^7 

9  559883 

9.969321 

9.590562 

10.409438 

10.030679 

10.440117 

43 

18 

9.560207 

9.969272 

9- 59093  5 

10-409065110.030728 

10.439793 

42 

19 

9.560531 

9-969223 

9.591308 

10.408692 

10.030777 

10.439469 

41 

_20  9.56o£5_5 

9969173 

9.591681 

104083^ 

10.030827 

10.439^45 

40 

21  9  561178 

9.969124 

9.592054 

10.407946 

10.030876 

10.438822 

39 

22^9.56r50i 

9.969075 

9.592426 

10.407574 

10.030925 

10.438499 

38 

2319.561824 

9  969025 

9-592798 

10.407202 

10.030975 

10.438176 

37 

24'9, 562146 

9.968976 

9-593171 

10.406829 

10.031024 

10.437854 

36 

25J9562468 

9.968926 

9-593542 

10.406458 

10.031074 

10.437532 

35 

26.9.562790 

9.968877 

9593914 

10.406086 

10.031123 

10.437210 

34 

27I9-563II2 

9.968827 

9.594285 

10.405715 

10.031173 

10.436888 

33 

28:9563433 

9.968777 

9-594656 

10.405344 

10.031223 

10.436567 

32 

2919.563755 

9.968728 

9.595027 

10.404973  10.031272 

10.436245 

31 

J0i9.564075 
31,9-564396 

9.968678 
9.968628 

9-595398 
9.595768 

J  0.404602 

10.031322 

10.435925 

30 
29 

10.404232 

10.031572 

10.435604 

32:9.564716 

9.968578 

9.596138 

JO.403S62 

10.031422 

10.435284 

28 

33;9.565036 

9.968528 

9  596508 

10.403492 

10.031472 

10.434964 

27 

34,9  565356 

9.968479 

9.596878 

10.403122 

10.03 1 52 1 

10.434644 

26 

35-9-565676:9-968429 

9-597247 

10.402753!  10.03 157 1 

10.434324 

25 

36(9.565995'9.968379 

9.597616 

10.402384J10.03162X 

10.4340C5 

24 

37  9-5663i4'9-968329 

9.597985 

10.402C15J10.031671 

10.433686 

23 

38;9.566632'9.968278 

9-598354 

10.401646  10.031722 

10.433368 

22 

39l9-56695i;9-968228 

9.598722 

10.401278  10.031772 

10.433049 

21 

4o;9. 567269  9.968178 

9.599091 

10.400909  10.031822 

10.432731 

20 

4119.567587:9-968128 

9-599459 

10400541  10.031872 

10.432413 

19 

42  9.567904:9  968078 

9.599827 

10.400173  1C.031922 

10.432096 

18 

43  i9.568222;9.9^8o27 

9.600194 

10.399806 

10.031973 

10.431778 

17 

44  9-56853919-967977 

9.600562 

10.399438 

10.032023  10.43 1461 

16 

45|9-568856'9.967927 

9  600929 

10.39907 1 1 10.032073 !  10.43 1 144 

15 

46  9. 569172J9. 967876 

9.601096 

10.398704  10.0321 24, 10.430828 

14 

47 

9.569488  9.967826 

9.601662 

10.398  33  8 110.032174!  10.4305 1 2 

13 

48 

9-s698o4;9-967775 

9.602029 

10.397971  j  10.032225;  10.430196 

12 

49i9-570i20:9.967725 

9.602395 

10.397605 

10.032275110.429880 

11 

5019.570435  9-967674 

51  9.57075i'9-967624 

52  9.571066  9.967573. 

9.602761 
9.603127 

10^39^^239 
10.396873 

10.032326110.429565 

10 
9 

10.032376110.429249 

9-603493 

10.396507 

10.032427110.428934 

8 

53I9-571380  9.967522 

9.603858 

10.396142 

io.032478'io.4.28620 

7 

54  9-571695  9-967471 

9.604223 

io.395'777  io.032529'io.428305 

6 

5519-572009  9.967421 

9.604588 

10.395412  10.032579110.427991 

5 

56J9.572323  9-967370 

9  604953 

10.395047  10.032630.JO.427677 

4 

57'9-572636  9-9673 '9- 

9-605317 

10.394683 

10.032681 

10.427364 

3 

5819.572950  9.967268:9.605682 
59'9-573263  6.96721719.60604C 

10.394318 

10.032732 

10.427050 

2 

10.393954 

10.032783,10.426737 

I 

_^ '.9-573575 

9.967  (66'9.6o64ic 

10.393590 

10.0^2834'  10.426425 

0 

M 

H 

Co  sine. 

Sine.  '  Co-tang- 

Tang. 

Co-sec.  '  becant 

08  Degree 


4S     LOGARITHMIC  SINES,   TANGENTS,  AND  SECANTS, 


22  Degrees. 


9-573575 
9.5738B8 
9  574200 
9.574512 
9.574824 
9-575136 
9  575447 
9.575758 
9.576069 

9-576379 
9-576689 

9.576999 

9-577309 
9.577618 
9.577927 
9.578236 
9-578545 
9-578853 
9.579162 
9-579470 


9.967  166 
9.9671J3 
9.967064 

9-967013 
9.966961 
9.966910 
9.966859 
9.966808 
9.966756 
9  966705 
9966653 

9.966602 
9.966550 
9  966499 
9.966447 
9  966395 

9-966344 

9966292 

966240 

9  9661 


9-579777 1 9  966136 


Tan^ 

9.606410 
9.606773 
9.607137 
9  607500 
9.607863 
9.608225 
9.608588 
9  608950 
9  609312 
9.609674 
9.610036 
9  610397 
9.610759 
9.611 120 
9.61 1480 
9.611841 
9.612201 
9  612561 
9.612921 
9,613281 
9.613641 


21  9.580085J9.966085 
2219.580392^9.966033 
23'9'58o699|9  965981 
2419.581005,9.965929 
2519.581312:9.965876 
2619-581618.9.965824 
27  9.58i924'9.965772 
28:9. 582229. 9. 965720 


2919.58253519. 965668:9  616867 


Co-tang-. 
10.393590 
10.393227 
JO.392863 
10.392500 
JO.392137 
10.391775 
10.391412 
10  391050 
10.390688 
10.390326 
10.389964 

10.389603 
10.389241 
10.388880 
10,388520 
ro.388159 
10.387799 
10.387439 
10.387079 
to.386719 
10.386359 


.614000  10.386000 
9.614359  10385641 
9.6147J8  10.385282 
9  615077  10.384923 
9.615435  10384565 
9.615793  10.384207; 
9.616151  10.383849 
9.616509  10.383491 1 

...;.     .        .  ,.  -.10.383133! 

30     9.5X2840,9.96561519.617224!   10.382776; 

31 :9-583'45  9-965563 '9-6 '7582!  10.382418! 

32  9-583449, 9-9655 11  {9.617939;  10,382061 

33  9583754  9  965458 '9-6 18295: 10.38 1705 1 

34  9.584058  9.965406  9.618652.10  381348! 
35.9.584361  9.96535319.619008  10.380992 
36! 9  584665  9-965301 19  619364  10.380636 
37  9  584968  9.965248 '9,6 19721  10.380279 1 
38 '9.585272, 9-965 195 '9-62007 6  10.379924I 
39'9-585  574'9-965 '43 '9-620432  10.379568, 
40  9  58 5877 '9  965090  9.620787  10,379213 

41 '9. 5 86 1 79 19.965037  9.621142  10.378858 
42;9  58648219  96^984  9.621497  10.378503 
43;9.5867S3'9. 964931  9.621852  10.378148 
I  44  9.587085  9.964879 ''9.622207  10.377793 
45!9-587386  9. 964826J9. 622561  10.377439 
46,9.58768s  9. 964773I9. 622915  TO.377085 
47, 9. 587989. 9. 964720*9  623269  10.376731 
4S'9. 588289  9.9646669. 623623  10.376377 
49  9.588590  9.964613  9  623976  10.376024 
5o'9.588890  9, 9645609. 624330  10,375670 

51:9.589190  9  964507  9.624683  10375317 
52,9  589489  9.964454  9.625036  10.374964 
53:9-589789  9.964400  9,625388  10.374612 
54*9.590088  9-964347  9-625741  '0.374259 
55J9.590387  9.96.1294  9  626093  10.373907 
56:9.590686  9  964240  9-626445  10.373555 
57|9-590984  9-964'87.'9.626797'  10.373203 
58195912829.964133  9627149  10.372851 
59:9,591580  9  9640809. 627501;  10.372499 
60*9  '^91878  9.964026  0.627852  io,3V2i.;8 
M  • '■)  sip  '.ne.  Coians:  T^r:- 
K>1  Degree&t 


Secant,      Co-sec, 

10.032834  10.426425 

10.032885  10.426112 

10,032936  10.425800 

10.032987  10.4254^8 

10.033039  10.425176 

1003-090  10.424864 

10.033141  ic. 424553 

10.033192  10-424242 

10033244  10.423931 

10,033295  10.423621 

10,033347  10.423311 

10.033398  10.423001 

10,033450  10.4^2691 

10.033501  10.422382 

'O.033553  10.422073 

10.033605  10.421764 

10,033656  10,421455 

10,033708  10.421147 

10.033760  10.420838 

10  033812  10.420530 

10.033864  10.420223 

10.033915  10.419915 

10.033967  10.419608 

10.034019  10.4^9301 

io,03407i'io. 418995 

io.034i24|!0, 418688 

j  10. 034176J10. 418382 

1 10.034228;  10.418076 

;io.03428ol  10.417771 

1 10.034332!  10.417465 

;io,034385!io.4i7i6o 

10.034437:10.416855    29 

;io.034489'io. 4165511  28 

'10,034542,10.416246!  27 

'10.034594;  10.4159421  ^6 

i  10,034647: 10.415639^   25 

10.034699  10.415335     24 

10,034752,10,415032;  Z3 

'io.0348o5;io. 414728:  22 

io.034857;iO. 414426;  21 

10.034910  10414123,'  20 

10.034963  10.413821J  19 

10035016  10.413518;  18 

10,035069  10.413217'  17 

10.035121  10.412915  16 

10,03517410.412614  15 

io,035227'io. 412312'  14 

io,03528o*io.4i20ii|  13 

'O.035334  10.411711;  12 

10.035387.10.411410  II 

10  03  :;440  10.41 1 1 10.  'O 

10035493  10.410810!  9 
10  03554610. 410511;  8 
JO.03560C  10,410211 1 
10  035653  10.409912, 
10035706  10  409613; 
10.035760  10.409314- 
10.035813  10.409016 
io.035<^67:io. 408718' 
10,035920  10,408420 
10.035974  10.408122- 

Co-sec        Secjtnt.    I 


LOGARITHMIC   SINES,  TANGENTS,  AND  SECANTS.      49 


23  Degrees. 


Sine 


9.591878 
9.592176 

9-592473 
9,^92770 
9.^93067 
9.593363 
9.593659 

9-593955 
9.594251 

9-594547 
9.594842 


9-595137 
9.595432 
9-595727 
9.596021 

9-596315 
16  9.596609 
9.596903 
9.597196 
9.597490 
9-597783 

9- 59807 q 
9.59836I 
9.598660 
9.598952 
9.599244 
9.599536 
9.599827 
9.600118 
9.600409 
9.600700 
9.600990 
9.601280 
9.601570 
9.601860 
9.602150 
602439 
9.602728 
9.603017 
9  603305 
9.603594 


21 

22 
23 
24 
25 
26 

27 
28 

29 

JO 

31 

32 
i3 
34 
35 

36 
37 
38 
39 
JO 

4' 
42 
43 
44 
45 
46 

47 
48 

49 
JO 
5' 
52 
53 
54 
55 
56 
57 
5^0 
59 
60 


Co-sine. 

9.964026 
9.963972 
9.963919 
9.963865 
9.963811 

9-963757 
9.963704 
9963650 
9-963596 
9.963542 
9,963488 

9963434 
9-963379 
9.963325 
9.963271 
9.963217 
9.963163 
9.967108 
9.963054 
9.962999 
1.962945 


^^"g 


JTang^ 

9.627852 
9.628203 
9.628554 
9  628905 


Co-tang.  I   Secant. 
10.372148  10.035974 


10.371797  10.036028 
10.371446  10.036081 
.  ,  10.371095  10.036135 
9.629255  10.370745  10.036189 
9.629606;  10.370394  10.036243 
9.629956!  10.370044,10.036296 
9.630306!  10.369694: 10.036350 
9. 630656I  10.369344  10.036404 


9.603882 
9.604170 
9.604457 
9.604745 
9.605032 
9  605319 
9-605606 


9.962890 
9.962836 
9.962781 
9.962727 
9.962672 
9.962617 
9.962562 
9.962508 
9.962453 
9-962398 


9-631005 
9631355 
9.631704 
9.632053 
9  632401 
9  632750 
9-63309^ 
9-633447 
9633795 
9-634143 
9.634490 
9-634838 


[O.368995  10.03645 
10.368645  10.036512 


9.962343 
9.962288 
9.962233 
9.962178 
9.962123 
9.962067 
962012 
9.961957 
9  961902 
9.961846 


9.961791 

9-961735 
9.961680 
g. 961624 
9.961569 
9.961513 
9961458 


M 


9.605892'9.96i4O2 
9.606179I9.961346 
9  60646  5 1-9  961  290 
9.60675119.961235 
9.607036I9.96U79 
9.6o7322;9.96i  123 
9.60760719.961067 
9.607892I9.96101 1 
9.60817719.960955 
9. 608461J9. 960899 
9.608745:9.960843 
9.60902919.960786 
9-609313  9.960730 

Co-sine.  I  Sine. 


9.635185 
9-635532 
9.635879 
9.636226 
9.636572 
9-636919 
9.637265 
9.63761 1 
9  637956 
9.638302 

9.638647 
9-638992 

9-639337 
9.639682 
9.640027 
9.640371 
9.640716 
9.641060 
.641404 
9.641747 


10.404863 
10.404568 
10.404273 
10.403979 
10.403685 
10.403391 
10.403097 
0.402804 
10.402510 
10.402217 

10.364815' 10.0371 10  10.401925 
10.364468, 10.037164  10.401632 
io  364121:10.037219  J 0.40 1 340 
10.363774-10.037273  10.401048 
10.363428. 10.037328'  10.400756 
10.363081, 10. 037383J  10.400464 
10.362735I10. 037438  10.400173 
ro.362389  10.037492  10.399882 
1036204410.0375471X0.39959 


10.368296.10  036566 
10.367947.10.036621 
10.367599  10.036675 
10.367250  10.036729 
io.366902;io.036783 
10.366553110.036837 
10.366205110.036892 
io.365857'io. 036946 
10.365510;  to. 037001 
10.365162.10.037055 


Co-sec. 

10.408122 
10.407824 
10.40752*7 
10.407230 
10.406933 
10.406637 
10.406341 
10.406045 
10.405749 
10.405453 
10.4D5 158 


10.361698  10.037602 


10.361353:10.037657 
0.361008^10.037712 
io.36o663;io. 037767 
10.360318^10.037822 
10.359973110.037877 
10.359629I 10.037933 
10  359284110.037988 
10.358940  10.038043 
10.358596:10.038098 
10.3582531IO.038154 


10.399300 

10.399010 
1C.398720 
10.398430 
10,398 140 
10397850 
10,397561 
10.397272 
10.396983 
10.396695 
10.396406 
10  3961 18 
10.395830 
^0.395543 
0.395255 
0.394968 
10.394681 
10.394394 
10.394108 
10.393821 
10.393535 


9.642091  10.357909116.038209 
9.642434  10  357566'io. 038265 
9.642777  10.357223' 10.038320 
9.643120  10356880  10.038376 
9.643463  10.356537:10.038431 
9.643806  10. 356i94'io. 038487 
9.644148  10.355852  10.038542 
9.644490  10.355510J10.038598 
9.644832  10.355168:10.038654 
9.645174  10.354826  10.038710 

9645516  10  354484  10.038765:10.393249 
9.645857  10.354143  10.038821}  10.392964 
9.646199  10.353801110.038877  10392678 
9.646540  10.3-53460;  10.038933  10.392393 
9.646881  10  353 119!  10.OJ8989  10.392108 
9.647222  10.352778110,039045  10  391823 
9.647562  10.352438:10.039101  10.391539 
9.647903  10.352097;  10.039157  ro»39i25< 
9.648243!  10.35 1 7  57!  10.039214  10.390971 
9. 648583!  10.351417!  10.039270  10. 390687 

Co-tang.'     Tang.    '   Co-sec        Secani. 


iJ 


66  Degrp•e1^. 


50     LOGARlTHiillC  SbNES,  TANGENTS,  AND  SECA]tT3. 


.  24. 

Degrees. 

M 

Sine. 

Co-sine. 

Tanp^. 

Uo-tang-. 

Secant,  j  Co  sec.   m  | 

O 

9.609313 

9.960730 

9-648583 

10.351417 

10.039270 

10.390687 

60 

I 

9609597 

9.960674 

9.648923 

10.351077 

10.039326 

10.390403 

59 

2 

9.609S80 

9.960618 

9:64926? 

•0.350737 

10.039382 

10.390120 

58 

3 

9.610164 

9.960561 

9.649602 

10.350398 

10.039439  10.389836 

57 

4 

9.610447 

9.960505 

9.649942 

10.350058 

10.039495  10.389553 

56 

5 

9.610729 

9.960448 

9.650281 

10.349719 

10.039552  10.389271 

55 

6  {9  611012 

9960392 

9.650620 

10.349380 

10.039608  10.388988 

54 

7  9.611294 

9-960335 

9.650959 

10.349041 

10.039665J10.388706 

53 

8  9.6 1 1 576 

9  960279 

9.651297 

10.348703 

10.039721J10.388424 

52 

9  19.611858 

9.960222 

9.651636 

10.348364 

10.039778  10.388142 

51 

10 
II 

9  612140 
9.612421 

9.960165 
9  960109 

9.651974 

10.348026 

10.0^9835 
10.039891 

10.387860 

50 

9.652312I10. 347688 

10.387579 

49 

12 

9.6l2-'02 

9.960052 

9.652650110*347350 

ro. 039948: 10.387298 

48 

U 

9.012983 

9-959995 

9652988'  10.347012 

10.040005.10.387017 

47 

14 

9  613264 

9  959938 

9.653326J  10.346674 

10.040062.10.386736 

46 

15  i9-6'3545 

9.959882 

9.653663,10.346337 

10.040118(10.386455 

45 

16  '9.613825 

9.959825 

9.654000, 10.346000 

10.040175110.386175 

44 

17  19.614105 

9.959768 

9-654337!iO. 345663 

10.040232J  10.385895 

4.^ 

18  iv.6.4jX5 

9.95971 1I9.654674I10. 345326 

10.040289)10.385615 

42 

19  i9-6  466s 

9.959654'9  655011;  10.344989 

10.040346110.385335 

41 

20  ; 9. 6. 4944 

9-959596:9  655348 
9-959539'9-655684 

10.-344652 

10.040404110.385056 

40 
39 

21  '9.615223 

10.344316 

10.040461110.384777 

22 

9  615502 

9.959482(9.656020  10.343980 

10.040518-10.384498 

38 

23 

9.6i57!<i 

9-95942519-656356!  10.343644 

10.040575110.384219 

37 

24 

9.616060 

9.95936819.656692;  10.343308 

10.040632110.383940 

36 

^5 

9.616338 

9.9593iOj9.657028iio.342972 

10.040690  10.383662 

35 

26 

9.616616 

9-959253l9-657364|«o-342636 

10040747  10383384 

3> 

27 

9.616894 

9-959195  9-657699110.342301 

10.040805  10.383106 

33 

28 

9.61717B 

9.959138  9-658034110.341966 

10.040862  10.382828 

32 

29 

9.617450 

9. 9  59080 19. 65  8369;  10. 34 1'6  31 

10.0409x9  10.382550 

3  1 

20 

9.617727 

9.959023 

9-658704110. 341296 

10.040977J10.382273 
10.041035110  381996 
10.6410921:0.381719 

30 

29 

31 

9>6i8oo4 

9.958965 

9-659039! '0. 340961 

32 

9.6 1828 1 

9  958908 

9-659373  10.340627 

28 

33 

9.618558 

9.958850 

9.659708; 10.340292 

10.041156I10.381442 

27 

34 

9.618834 

9.958792 

9.660042^10.339958 

10.041208  10.381166 

26 

35 

9.619110 

9-958734 

9.660376.10.339624 

10.041266  1038089c 

25 

36 

9.619386 

9.958677  9.660710I10.339290 

10.041323110.380614 

24 

37 

9.619662 

9.958619:9.661043,10.338957 

10.041 381;  10.3  803  3  8 

23 

38 

9-619938 

9.95856i;9.66i377;io.338623 

10.041439 lie  38C062 

22 

39 

9.620213 

9-958503|9-66i7io 

10.338290 

10.041497110.379787 

21 

40 

9.620488 

9.958445  9-662043 

10.33795*' 

10.041555110379512 

20 

41 

9.620763 

9.958387  9-662376 

10.337624 

10.041613J10.379237 

19 

42 

9.621038 

9.958329  9.664709 

10.337291 

10.041671110.378962 

18 

43 

9-621313 

9.958271  9.663042 

10.336958 

10.041729  10.378687 

17 

44 

9.621587 

9.958213  9.663375 

10.336625 

10041787IJO.378413 

16 

45 

9.621861 

9.958154 

,9.663707 

10.356293 

10.041846  10.378139 

15 

46 

9.622135 

9.9580U6 

9.664039 

10.335961 

10.041904  10.377S65 

14 

47 

9.622409 

9.958038 

9.664371 

10.335629 

10.041962  10.377591 

13 

48 

9.622682 

9-957979 

9.664703 

10.335297 

10.042021  10.377318 

12 

49 

9.622956 

9.95792119-665035 

10.334965 

10.042079  10.377044 

II 

■5°. 

9.623229 

9.95786319-665366 

10.334634 

10.042137  10.376771 

10 

51  19.623502 

9.95780419.665697 

10.334303 

10.042196110.376498 

9 

52  I9.623774 

9.957746 

9.666029,10.333971 

10.042254'  10.376226 

8 

53  !9-624047 

9.957687 

9.666360' 10.333640 

io.0423i3'io.375953;  7 

54  ;9-6243i9. 

9.957628 

9  666691 

'O.333309 

io.042372;io.37568i   6 

55  1 9.62459 1[ 

9.957570 

9.667021! 

10.332979 

10.042430:10.375409, 

5 
•  4 

56  9.624863, 

9-95:5" 

9667352! 

10.332648 

10.042489.10.375137 

57  .9-6251351 

9-957452 

9667682' 

10.332318.10.042548:10.374865 

3 

58  ^9.6254061 

9-95/393 

9.668013^10.33  1987  10.042607  10.374594 

n 

59  9.625677' 

9-957335 

9.668343  10.331657,10.042665  10.374323 

I 

60  .9.625948! 

9.957276 

9.668672  10.331328:10.042724110.374052 

0 

M 

Cr..s\n-: 

bine 

Uo-tan.c:. 

T-anjc   ^ 

Co- sec.  ' 

Secant 

M 

65  Degrees. 


XOGARITHMIC  SIKES,  TANGENTS,  AXD  SECAXTS.    51 


25 

Degrees. 

'  M   ame   Co-sine. 

Tang. 

Co-tang-. 

Secant. 

Co-sec.  1  M  1 

o  9.625948 

9.957276 

9.668673 

10.331327 

10.042724 

10.374052 

60 

I  9.626219 

9.957217 

9.669002 

10.330998 

10.042783 

10.373781 

59 

2  9.626490 

9.957158 

9.669332 

10.330668 

10.042842 

10.373510 

58 

2     9.626760 

9.957099 

9.669661 

10.333339 

10.042901 

10.373240 

57 

4 

9-627030 

9.957040 

9.669991 

10.330009 

10.042960 

10.37297c 

56 

■  5 

9.627300 

9.956981 

9.670320 

10.329680 

10.043019 

10.372700 

55 

6 

9.627570 

9.956921 

9.670649 

10.329351 

10.043079 

10.372430 

54 

7 

9.62784G 

9.956862 

9-670977 

10.329023 

10.043138 

10.372:60 

53 

8 

9.628109 

9.956803 

9.671306 

10.328694 

10.043197 

10.371891 

52 

9 

9.628378 

9.956744 

9.671634 

10.328366 

1Q.043256 

10.371622 

51 

10 

II 

9  628647 

9.956684 

9.671963 

10.328037 

10.043316 
10.043375 

10.371353 

50 
49 

9  628916 

9956625 

9.672291 

10.327709 

10.371084 

12 

9.629185 

9-956566 

9,672619110.327381 

10.043434 

10.370815 

48 

i3 

9.629453 

9.956506 

9.672947 

10,-327053 

,10.043494 

10.370547 

47 

14 

9.629721 

9.956447 

9-673274 

10.326726 

10-043553 

10.370279 

46 

I, 

9.629989 

9.956387 

9.673602 

10.326398 

1.0.043613 

10.370011 

45 

16 

9.630257 

9.950327 

9673929 

10.326071 

10.043673 

10369743 

44 

17 

9630524 

9.956268 

9.674257 

10.325743 

10.043732 

10369476 

43 

18 

9.630792 

9.956208 

9.674584 

10.325416 

10043792 

10.369208 

42 

t9 

9.631059 

9.956148 

9.674910 

10.325090 

to.043852 

10.368941 

41 

20 

9.631326 

9.956089 

9-675237 

10.324763 

10.043911 

10.36S674 
10.368407 

40 
39 

21 

9.631593 

9.956029 

9.675564 

J  0.3 24436 

10.043971 

22 

9.631859 

9.955969 

9.675890 

10.324110 

10.044031 

10.368141 

38  , 

23 

9632125 

9.955909 

9.676217 

10.323783 

10  044091 

10.367875 

37 

24 

9.632392 

9.955849 

9-676543 

10.323457 

10.044151 

10.367608 

36 

^-5 

9.632658 

9.955789 

9.676869 

10.323131 

10.044211 

10.367342 

35 

26 

9.632923 

9.955729 

9-677194 

10.322806 

10044271 

10.367077 

34 

27 

9.633189 

9.955669 

9.677520 

10.322480 

10.044331 

10.366811 

3j 

28 

9.633454 

9.955609 

9  677846 

10.322154 

10.044391 

10.366546 

32 

29 

9633719 

9.955548 

9.678171 

10.321829 

10.044452 

10.366281 

31 

30_ 

9.633984 

9.955488 

9.678496 

10.321504 

10.044512 

10.366016 

30 

31 

9.634249 

9.955428 

9.678^21 

10.321 179 

10.044572 

10.365751 

29 

32 

9.634514 

9955368 

9.679146 

10.320854 

10.044632 

10.365486 

28 

33 

9.634778 

9-955307 

9.679471 

10.320529 

10.044693 

10.365222 

27 

34 

9.635042 

9.955247 

9.679795 

10.320205 

10.044753 

10.364958 

26 

35 

9.635306 

9.955186 

9  680120 

10.319880 

10.044814 

10.364694 

25 

36 

9-635570 

9.955126 

9.680444 

10.319556 

10.044874 

10.364430 

24 

37 

9-635834 

9.955065 

9.6807  6S 

10.319232 

10.044935 

10.564166 

23* 

38 

9636097 

9.955005 

9.681092 

10.31890S 

10.044995 

10.363903 

22 

39 

9.636360 

9-954944 

9.68 141 6 

10.318584 

10.045056 

10.363640 

21 

IL 

9.636623 

9  954883 

9^681740 

10.318260 

10.045117 

10.363377 

20 

4i 

9.636886 

9  954823 

9.682063 

10.317937 

10.045177 

10.363  1 14 

19  \ 

42, 

9.637148 

9.954762 

9-682387 

10.317613 

10.045238 

10.362852 

18  1 

43 

9.63741 1 

9.954701 

9.682710 

10.317290 

10.045299 

ro.362589 

17  } 

44 

9-637673 

9.954640 

9.683033 

10.316967 

10.045360 

10.362327 

i6 

55 

9-637935 

9-954579 

9.683356 

10.316644 

10.04.5421 

10.362065 

15 

46 

9.638197 

9.954518 

9.683679 

10.316321 

10.045482 

10.361803 

14 

47 

9.63845S 

9-954457 

9.684001 

10.315999 

10.045543 

10.361542 

13 
12 
11 

48 

9.638720 

9-954396 

9.684324 

10.315676 

ro.045604 

10.361280 

49 

9.638981 

9-954335 

9.684646 

10.315354 

10.045665 

10.361019 

50 
5^ 

9-639242 
9.639503 

9-954274 
9-954213 

9.684968 
9.685290 

10.315032 

10.045726 

10.360758 
10.360497 

10, 
9 

10.314710 

10.045787 

52 

9.639764 

9.954152 

9685612 

10.314388 

10.045848 

10.360236 

8 

53 

9. 640024 

9.954090 

9.685934 

10.314066 

10.045910 

10.359976 

7. 

54 

9.640284 

9-954029 

9.686255 

10.313745 

10.045971 

10.359716 

6 

55 

9.640544 

9.953968 

9.686577 

10.313423 

10.046032 

10.359456 

5 

56 

9.640804 

9-953906 

9.686898 

10.313102 

10.046094 

10.359196 

4 

57 

9.641064 

9953845 

9.687219 

10.312781 

10.046 1 55 

10.358936 

3  • 

58 

9.641324 

9-953783 

9.687540 

10.312460 

10.046217 

10-358676 

z- 

59 

9.641583 

9.953722 

9.687861 

10.312139 

10.046278 

10.358417 

1 

60 

9^6£'_842 
Co-sine. 

9.953660 
Sine. 

9.688182 

10.31 1818 

10.046340 

10.358158 

0  - 

Co-iang 

Tang'.    Cc-dcc. 

Secant. 

M 

64  Degrees. 


6^     LOGARITHMIC  SDTES,  TANGENTS,  AND  SECANT^, 


26  Dep^rees. 


M 

Sine. 

Co-sine. 

Tang. 

Co-laner.  .  Secant. 

1  Co-sec. 
10.358158 

"io" 

, 

O 

9.641842 

9  953660,9.688182 

10.311818 

10.046340 

1 

9.6421C1 

9953599*9-688502 

I©. 311498 

10  046401 

;  10  357899 

59 

2 

9.64236c 

9-953537 

'9688823 

10.311177 

10.046463 

10.357640 

58 

3 

9.642618 

9-953475 

9689143 

10.310857 

10.046525 

10.357382 

57 

4 

9.642877 

9953413 

9. 689463I10. 310537 

10.046587 

10.357123 

56 

5 

9643'35 

9953352 

9  689783'io. 310217 

10.046648 

10356865 

55 

6 

9643393 

9-953290 

9.690103I10  309897 

10.046710 

10.356607 

54 

7 

9.643650 

9.953228 

9.690423:10.309577 

10046772 

10.356350 

53 

8 

9.643908 

9.953166 

9.690742 

10.309258 

10.046834 

10.356092 

52 

9 

9.644165 

9.953104 

9.691062 

10.308938 

10.046896 

'0.355835 

51 

lO 

9.644423 

9-953042 

9.691381 

10.308619 

10.046958 

,^0-3  55527 

so 

TT 

9.644680 

9.952980 

9.691700 

10.308300 

10.047020 

'O.355320 

49 

12 

9.644936 

9.952918 

9.692019 

10.307981 

10.047082 

10.355064 

48 

'3 

9-645193 

9.952855 

9.692338 

10.307662 

10047145 

10.354807 

47 

14  9.645450 

9952793 

9.692656 

10.307344 

10.047207 

10.354550 

46 

15  :9  645706 

9-952731 

9  692975 

10.307025 

10.047269 

10.354294 

45 

16  '9.645962 

9.952669 

9693293 

10.306707 

10.047331 

10.354038 

44 

17  9.646218 

9.952606 

9.693612 

10.306388 

10.047394 

10.353782 

43 

18  1964647419952544 

9.693930 

10.306070 

10.047456 

10.353526 

42 

19  9.64672919.952481 

9.694248 

10.305752 

10.047519 

10.353271 

41 

20  9  646984I9. 952419 

9  694566 
9.694883 

10.305434 
10.305117 

10047581 
10.047644 

10.353016 

40 
39 

21  9.647240 

9952356 

10.35276c 

22  I9-647494 

9.952294 

9.695201 

10.304799 

10.047706 

10.352506 

38 

23  9-647749 

9.952231 

9.695518 

10.304482 

10.047769 

10.352251 

37 

24  9.648004 

9.952168 

9.695836 

10.304164 

10.047832 

10.351996 

36 

25  9  648258 

9.952106 

9.696153 

10  303847 

10.047894 

10,351742 

35 

26  9.648512  9952043 

9.696470 

10.303530 

10.047957 

10.351488 

34 

27  9.648766  9.951980 

9696787 

10.303213 

10. 048020 

10.^51234 

33 

28  9  649020  9.951917 

9697103 

10.302897 

10.048083 

10.350980 

32 

29  964927419951^54 

9.697420 

10.302580 

10.048146 

"0.350726 

31 

30  9649527  9-95>79i 

9.697736 

10.302264 

10.048209 

•0.350473 

JO_ 

31  9  649781  9  951728 

9.698053 

10.301947 

10.048272 

10.350219 

29 

32  19650034  9-95 '665 

9-698369 

10.301631 

10.048335 

10.349966 

28 

33  :9-650287  9.951602 

9.698685 

10.301315 

10.048398 

10.349713 

27 

34  19650539  9-95'539 

9.699001 

10.300999 

10.048461 

10349461 

26 

35  9-6507929951476 

9.699316 

10.300684 

10.048524 

10.349208 

25 

36  9651044 

9.951412 

9699632 

10.300368 

10.048588 

10.348956 

24 

37  9-651297 

9951349 

9.699947 

10.300053 

10.048651 

10.348703 

23 

38  965 « 549 

9.951286 

9.700263 

10.299737 

10.048714 

10.348451 

22 

39  9.651800  9.951222 

9.700578 

10.299422 

10.048778 

10.348200 

21 

40  ,9  652052J9  951159 

9-700893 

10.299107 

10.048841 

10.347948 

20 

41  9652304  9.95'^96 

9  701208 

10.298792 

10.048904 

10.347696 

19 

42  '9.652555I9.951032 

9.701523 

I'o.  298477 

10.048968 

10.347445 

18 

43  9.652806,9.950968 

9.701837 

10.298163 

10.049032 

10.347194 

17 

44  9-6  5  30  J7 

9.950905 

9.702152 

10.297848 

10.049095 

10.346943 

16 

45  9-653308 

9.950841 

9.702466 

10.297534 

10.049159 

10.346692 

IS 

46  ,9-653558 

9-950778 

9.702:80 

10.297220 

10.C49222 

10.346442 

14 

47  ■9.653808 

9-950714 

9  703095 

10.296905 

10.049286 

10.346192 

13 

48  9654059 

9-950650 

9-703409 

10.296591 

10.049350 

10345941 

12 

49  9654309  9950586 

9.703723 

10.7.96277 

10.049414 

10.345691 

11 

50  ■9.654558!9-950522 

51  i9.6548o8'9  950458 

9.-04036 

10.295964 

10.049478 
10.049542 

10.345442 

10 

9 

9.704350 

10.295650 

10.3451^2 

52  19655058  9950394 

9.704663 

»0.295337 

10. 049606 

10.344942 

8 

53  •9-655307i9-950330 

9.704977 

10.295023 

10.049670 

10.344693 

7 

54  9-655556I9-950266 

9.705290 

10.294710 

10.049734 

10.344444 

6 

55  9-6558o5j9.950202 

9.705603 

10.294397 

10.049798 

10.344195 

5 

56  ■9.65605419.950138 

9.705916 

10.294084 

10.049862 

10.343946 

4 

57  9-656302  9-950074 

9.706228 

10.293772 

10.049926 

10.343698 

3 

58  9-65655»  9-950010 

9.706541 

10.293459 

10  049990 

10.343449 

2 

59  9.656799  9-949945 

9.706854 

10.293146 

10.050055 

10.343201 

I 

60  9.657047 19. 949881 

9707166 
Co-lang. 

10.292834 

10.0501 19 

10.342953 

0 

M 

M  ) 

Oo-sine.' 

Sine.  ' 

Tang-.  1  Co-sec.  '  i^f  cai-t.  ' 

t'3  Degrees. 


LOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS.     5S 


27  Degrees- 

M  ,  Sine. 

Co-sine.  J  Tanjj-  Co-tang  .  Secant. 

1  Co-sec. 

M 

60 

0 

9.657047 

9.949881 

9,707166 

10.292834  10.050119 

1C..342953 

I 

9.65729s 

9.9498x6 

9.707478 

10.292522  10.050184 

10.342705 

59 

2 

9-657542 

9.949752 

9.707790 

10.292210'  10.050248 

10  342458 

58 

y 

9.657790 

9.949688 

9.708102 

10.291898  10.050312 

10.342210 

57 

4 

9.658037 

9.949623 

9.708414 

10.291586  10.050377 

10.341963 

56 

5 

9.658284 

9-949558 

9.708726 

10.291274  10.050442 

10.341716 

55 

6 

9658531 

9.949494 

9.709037 

10  290963: 10.050506 

10.341469 

54 

7 

9.658778 

9.949429 

9.709349 

10.290651 

i  10.050571 

10.341222 

53 

8 

9.659025 

9949364 

9.709660 

10.290340 

10.050636 

10.340975 

52 

9 

9.659271 

9.949300 

9.709971 

10.290029 

j  10,050700 

10.340729 

51 

10 

II 

9659517 
9.659763 

9-949235 

9.710282 

10.289718 
10.289407 

10.050765 
10.050830 

10-340483 
10.340237 

50 
49 

9-949 '70 

9.710593 

12 

9.660009 

9.949105 

9.710904 

10.289096 

10.050895 

10.339991 

48 

13 

9.660255 

9.949040 

9.711215 

10.288785 

10,050960 

10S39745 

47 

»4 

9.66O5DI 

9.948975 

9.711525 

10.288475 

10.051025 

10.339499 

46 

»5 

9.660746 

9.948910 

9.711836 

10.288164 

10.051090 

10.339254 

45 

i6 

9.66099I 

9.948845 

9.712146 

10.287854 

10.051155 

.0.339009 

44 

17 

9.661236 

9.948780 

9.712456 

10.287544 

10.05 1220 

10.338764 

43 

i8 

9.661481 

9.9487  li 

9.712766 

10.287234 

10.051285 

•0.338519 

42 

^9 

9.661726 

9.948650 

9,713076 

10.286924 

10.051350 

10.338274 

41 

20 
21 

9.661970 

9.948584 

9-713386 

10.286614 

10.051416 
10.051481 

10.338030 

40 
39 

9,662214 

9.948519 

9.713696 

10.286304 

10.337786 

^2 

9.662459 

9.948454 

9.714005 

10.285995 

10.051546 

10.337541 

38 

23 

9.662703 

9-948388 

9-714314 

10285686 

10.051612 

10.337297 

37 

24 

9.662946 

9-948323 

9.714624 

10.285376 

IQ.051677 

10.337054 

36 

25 

9.663190 

9-948257 

9-7i4933 

10.285067 

10.051743 

10.336810 

35 

26 

9.663433 

9.948192 

9-715242 

10.284-58 

10.051808 

.0.336567 

34 

27 

9  663677 

9948126 

9.7'555' 

10.284449 

10.051874 

10.336323 

33 

28 

9.663920 

9.948060 

9.715860 

10.284140 

10.051940 

10.336080 

32 

29 

9  664163 

9947995 

9.716168 

10.283832 

10.052005 

10.335837 

31 

33 

9.664406 

9.947929 

9.716477 

10.283523 

10.052071 

^0^3  5  594 

30 

3» 

9.664648 

9.947863 

9.716785 

io  283215 

10.052137 

'O.335352 

29 

32 

9.664891 

9-947797 

9.717093 

10.282907 

10052203 

10.335109 

28 

33 

9665133 

9-94773' 

9  717401 

10.282599 

10.052269 

10.334867 

27 

34 

9-665375 

9.94766-5 

9.717709 

10.282291 

10.052335 

10.334625 

26 

35 

9.665617 

9.947600 

9-718017 

10.281983 

10.052400 

10.334383 

25 

36 

9.665859 

9-947533 

9.718325 

10.281675 

10.052467 

10.334141 

24 

37  J9  666100 

9-547467 

9-718633 

10.281367 

10.052533 

10.333900 

23 

38  9.6G6342 

9.947401 

9.718940 

10.281060 

10.052599 

10-333658 

22 

39 

9  666583 

9-947335 

9-719248 

10.280752 

10.052665 

io.3334'7 

21 

4Q 
4» 

9.666824 
9.667065 

9.^47269 
9-947203 

9-719555 

9-719862 

10.280445 
10.280138 

10052731 
10.052797 

10.333176 

20 
19 

10.332935 

42 

9667305 

9-947136 

9.720169 

10.279831 

10.052864 

10.332695 

18 

43 

9.667546 

9.947070 

9-720476 

10.279524 

10.052930 

10.332454 

»7 

44 

9.667786 

9.947004 

9720783 

10.279217 

10.052996 

10.332214 

16 

45 

9.668027 

9946937 

9.721089 

10.278911 

10.053063 

10.331973 

15 

46 

Q.668267 

9.946871 

9-721396 

10.278604 

10.053129 

10.331733 

14 

47 

9.668506 

9.946804 

9.721702 

10.278298 

10.053196 

10.331494 

13 

48 

9.668746 

9.946738 

9.722009 

10.277991 

10.053262 

10.331254 

12 

49 

9.668986 

9.946671 

9-722315 

10.277685 

10.053329 

10.331014 

1 1 

50_ 
51 

9  669225 
9.669464 

9.946604 
9.946538 

9.722621 
9.722927 

10.277379 

10.053396 

10.330775 

10 
9 

10.277073 

10.053462 

10.330536 

52 

9.669703 

9.946471 

9.723232 

10.276768 

10.053529 

10.330297 

8 

53 

9.669942 

9.946404 

9-723538 

10.276462 

10053596 

10.330058 

7 

54 

9.670181 

9-946337 

9-723844 

10.276156 

10.053663 

10.329819 

6 

55 

9.670419 

9.946270 

9.724149 

10.275851 

.0.053730 

10.329581 

5 

56 

9.670658 

9.946203 

9-724454 

10.275546 

10.053797 

10.329342 

4 

57 

9.670896 

9.946136 

9-724759 

10.275241 

1C.053864 

10.329104 

3 

58 

9.671134 

9.946069  9.725065 

10.274935 

10.05393. 

10.328866 

2 

59 

9.671372 

9.946002  9-725369 

10.274631 

10053998 

10.328628 

I 

60 

M 

9.67 1609 

9-945935 

9.725674 
Go-tang-. 

10.274326 

10.054065 

10.328391 
Secant. 

0 

Co-sine. 

Sine. 

Tang:.   Co-sec.  ' 

.m| 

6^  Degrees, 


54     LOGARITFnHC  SINES,  TANGENTS,  AND  SECANTS. 


28  Degrees. 


M 

0 

Sine. 

Co-sine  | 

Tang.   Co-tang.  . 

Secant.  1 

Co-sec 

M 

60 

9.671609  9.945935 

9.725674110  274326; 

10.054065 

10.328391 

J 

9  671847  9.945868 

9.7259791 

10.274021 

10.0541321 

10.328153 

59 

2 

9.672084I9.945800 

9.726284 

10  273716 

10.05420D 

iO.327916 

58 

3 

9.67232119.945733 

9.726588 

10  273412 

10.054267 

10.327679 

57 

4 

9.672558  9.945666 

9.726892 

10  273108 

10.054334 

10.327442 

56 

S 

9.672795J9.945598 

9.727197 

10.272803 

10.054402 

10.327205 

55 

6 

9.673032J9.945531 

9.727501 

10.272499 

10.054469 

10.326968 

54 

7 

9.67326^-9945464 

9.727805 

10,272195 

10.054536 

10.326732 

53 

s 

9.673505!9-945396 

9.7281O9 

10.271891 

(O.C54604 

10.326495 

52 

9 

9.6-3741  J9.945328 

9.728412 

10.271588 

10. 054672 

10.326259 

51 

lO 

9-67397719-94526I 

9.728716 

10.271284 

io.054J3^9 

10.326023 

50 

1 1 

9.674213 

9-945'93 

9.729020 

10.270980 

10.054807 

10.325787 

49 

12 

9.67444^ 

9.945125 

9.729323 

10  270677 

10.054875 

10.325552 

48 

•i 

9.674684 

9.945058 

9.729626 

10.270374 

10.054942 

10.325316 

47  ■ 

'4 

9.674919 

9.944990 

9.729929 

10.27C071 

10.055010 

10,325081 

46 

»5 

9.67-5155 

9.944922 

9-730233 

10.269767 

10055078 

10.324845 

45 

i6 

9.67539c 

9-944854 

9-730535 

10.269465 

10.055146 

10.324610 

44 

I? 

9675624 

9.9447^6 

9.730838 

10  269162 

ro.055214 

10.324376 

43 

iS 

9.675859 

9.9447 1  s 

9-73II4' 

10.268859 

10.055282 

10.324141 

42 

19 

9.676094 

9.944650 

9-73  »444 

10.268556 

10.055350 

10.323906 

41 

20 

9^6328  9.944582 

9-731746 

10.^68254 

10.055418 

10323672 

40 

21 

9676562  9.9445 '4 

9.732048 

IO.-267952 

10.055486 

10.323438 

39 

2: 

9  676796  9.944446 

9-73235  • 

10.267649 

10.055554 

10.32320-4 

38 

23 

9.677030  9.9443-- 

9-732653 

10.267347 

10.055623 

10.322970 

37 

^4 

9.677264  9.944309 

9-732955 

10.267045 

10.055691 

10.322736 

36 

2S 

9  67749'^  9-94424J 

9-733257 

10.266743 

10.055759 

10.322502 

35 

26 

9-67773'!9-944>72 

9-73355S 

10.266442 

10055828 

10.322269 

34 

27 

9.67796419.944104 

9-733860 

10.266140 

10.055896 

10.322036 

33 

28 

9.678197J9.944036 

9-734«62 

10.26583S 

10.055964 

10.321803 

32 

-9 

9.678430  9.943967 

9.734463 

10.265537 

10.056033 

10.321570 

31 

30 
3« 

9.678663 
9  678895 

9-943?-99 
9-943830 

9-734764 
9  73S06') 

10.265236 

10.056101 

10.321337 

30 
29 

10264934 

10.056170 

10  321 105 

32 

9.679128 

9.943761 

9-735367 

1C.264633 

10.056239 

10.320872 

28 

33 

9679360 

9.943693 

9.735668 

10264332 

10.056307 

10.320640 

27 

34 

9.679592 

9.943624 

9735969 

10.264031 

10.056376 

10.320408 

26  . 

35 

9-679824 

9-94S5  55 

9.736269 

10.263731 

10.056445 

10.320176 

25 

36 

9.680056 

9.943486 

9-736570 

10263430 

10.C56514 

10.329944 

24 

S"' 

9.680288 

9-943417 

9.736871 

10.263129 

10.056583 

10.319712 

23  i 

38 

9  680519 

9943348 

9-73717' 

10.262829 

10056652 

10  319481 

22 

39 

9.680750 

9-943279 

9737471 

10  262529 

10.056721 

10.319250 

21 

40 

9.680982 

9.943210 

9737771 

10.262229 

10.056790 

10.319018 

20 

4' 

9.681213 

9.943141 

9-738071 

10.261929 

■  10.056859 

10.318787 

19 

42 

9.681443 

9.943072 

9.73837' 

10,261629 

10.056928 

10.318557 

18 

43 

9.681674 

9.943003 

9-738671 

10.261329 

10.056997 

10.318326 

17 

44 

9.681905 

9.942934 

9-738971 

10.261C29 

i  10.057066 

10.318095 

16 

4> 

9.682135 

9.942864 

9-739271 

10.260729 

:  10.057 136 

10.317865 

M 

46 

9682565 

9-942795 

9-739570 

10.260430 

■10.057205 

10.317635 

14 

47 

9.682595 

9,942726 

9-739870 

10.260130 

10.057274 

10.317405 

15 

48 

9.682825 

9.942656 

9.740169 

ro.259831 

10.057344 

10.317175 

12 

49 

9.683055 

9.942587 

9.740468 

'10.259532 

10.057413 

10.316945 

1 1 

CO 

9^683  28419.9425 17 

9-740767 

,10.259233 

'10.057483 

10.3  16-' 16 

10 

S' 

9.6835. 4I9.942448 

9.741066 

110.258934 

•10.C57552 

10.316486 

9 

52 

9.-683743:9  942378 

9-741365 

.10.258635 

'10.057622 

10.316257 

•  8 

53 

9.683972  9.942308 

9.741664 

.  10.258336 

10.057692 

10.316028 

7 

54 

9.68420119.942239 

9.7419621 'O.258038 

10.057761 

.10.315799 

,   6 

55,9.(lS443oJ9.942i69 

9.742261;  10.257739 

10.057831 

10.31557c 

;    5 

5619.6846^8.9.942099 

9-742559]  10.257441 

10.057901 

10-315342 

,   4 

57  9.6{?48K7  9.1,42029 

9.742858110.257142 

10.057971 

I03i5"3 

3 

58  9.685I15  9.941959 

9.743156110  256844 

10.058041 

10.314885 

2 

59  9  685343;9.94i889 

9-743454:10.256546 

10.0581 1  r 

10.314657 

60,9.685571  :9.Q4i8r9 

9-743752|  10.256248 

10.0581S1 

10.314429 

0 

1  M  !Co-sip.e.  1  Sine. 

Co-lang.  '  iang. 

Co-.sec. 

Secant 

« 

61  Upgrc-cs. 


LOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS.       S> 


29  Degrees. 


o 

I 

2 

3 
4 
5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 
15 
i6 

17 
i8 

^9 

20 

21 

22 
23 
24 
2  5 
26 

27 
28 

29 

30_ 

31 
32 

33 
34 

HI 

37 
38 

39 

40 


Sine,      {'o-sine.  .   Tang-     .  Co-tang  ,    becant.   .  Co-sec.    , 

9.6S5571  9.941 8 n)  9.743752  10  256248, 10.058181  10.3  14429! 
9. 68 5799! 9. 94 1 7 49  9. 7440 50 j  10.2559561 10.058251 1 10.3  1420 J 
9.686027:9  941679  9.744^481  io.255''52'.  10.058321,10.3139731 
9.686254J9.041609  9.744^45  i'O.2553  55  JO.058391 1 10.3  1 3746 
9.68648219. 94i539|9.744943' 10.255057.  io.05846i;io.3I35j8 
9.68670919.941469.  9.745240, 10.254760, 10.05853  I !  10.3 13291 


9. 6869369. 941398 
9.687163  9.941328 
[9.687389^9.941258 
I9. 687616  9.941 187 
9.687843  9. 941117 


I9. 688069  91941046 
19.688295,9.940975 
19.68852119.940905 

J9.688747j9-940834 .9-747913 
!9.688972  9.940763  9.748209 
19.689198^9.940693  9.748505 
9.-689423 19. 9406221 9..  748  801 


9.745538, 10  2544621  10,058602110.313064! 
9-745835;  10.25416^1 10.058672'  10.312837' 
9.746132110.2538681 10.058742  10.31261 1 ! 
9,746429!  10. 253  571 1 10.0588 13  10.3 1 2384    51 


9.746726,10.253274:10.058883  10.312157;   50 

9.7470231 10  252977}  10.058954  10.311931  49 
3.747519'  10.252681!  1C.059025I  10.3 11705}  48 
9.747616;  10,252384!  10.059095;  10.31 1479;  47 


9  689648I9.940551 
9.68987319.940480 
19.69009819.940409 

19.69032319.940338  9,74998^ 
j  9. 6905  48 19. 940267: 9. 7  5028 1 


10.2520S7  10.059166'  10.311253!  46 
10.2517911 10.0592371 10.31 1028 1  45 
10.251495'!  10.0593071 10.310802;  44 
10.251 199-  •0-059378!  10.3105771  43 
10.310352;  42 


10.250903       10.059449: 


9  749097 
9-749393 
9.749689'  10.2503  1 1 


9.690772,9.940196 
9. 690996^9.940125 
9. 69122019. 940054 
'9.69144419.939982 
'•9.691668J9.93991 1 
I9.69I892J9. 939840 
;9.692ii5|9.939768 
19.69233919.939697 


I9.692562J9  939625 

I9.692785i9-939i54 
19.69300819.939482 
:9.69323iJ9.9394io 
,9-69345319-939339 


9.693676  9.939267 
19.693898  9-939195 
J9.d94i20  9-939123 
■9-694342  9939052 
,9.694564  9-93^980 

9.694786  9,938908 
19.695007,9.93883619.756172 
19.69522919.93876319,756465 
,9.69545019.938691  9.756759 


9.750576 
9.750872 
9.751167 
9.751462 

9-751757 
9.752052 

9-752347 
9-752642 

9-752937 
9-75323^ 
9-753526 
9.753820 
9.754115 
9.754409 
9-754703 
9-7  54997 
9.755291 

9-755585 
8 


10.2500071 1C.059520J  10.310127J  41 
10.059591110.3099021  40 

10.059662110.309677}  39 
10.059733I10.309452I  3S 


10.250015 
10.249719 
10.249424 
10,249128 
10.248833 
10,248533 
10,248243 
10.247948 
10,247653 
10.247358 


10.247063 
JO. 246769 
10.246474 
10.246180 
10  245885 
10,245591 
10,245297 
10.245003 
10.244709 
10.244415 


10.0 

10.059875 

10.059946 

10.060018 

10.060089 

10.060160 

10  060232 

10,060303 


10.309228!  37 

10.309004I  36 

10.308780J  35 

10.308556  34 

10,30833.2  33 


10.308108 
10.30: 


32 
31 
10.307661;  30 


10.060375110.307438!  29 

10.060446!  10.307215!  28 

10.0605 18' 10.306992 

10.060590110,306769 

10.060661 

10.060733 

10.060805 

10.060S77 


9-75: 


41 
42 
43 

44  .       ,       . . 

45  1^-695671  9-9386i9;9. 757052 

46  -   -      " 
47 
48 

49 
o 


10. 244122 
10.243828 

10.243535 

10.243241 

10,242948 
10.242655 
10.242362 
10.242069 


.9.6  5892;9-938547l9-757345 
I9. 6961 13;9.938475!9. 757638 
j9-696334'9-938402'9.75793i 
1 9.696 5  54; 9.9383 3019.7582241 10.24 1776 

9-696775 .  9938258  \  9.758517 110,241483 

9,69-6995  9.938185*9.75 


lOj  10.24!  190 
9.-697215  9.938 1 1 3.' 9.759 102  10.240898 
9,697435  9.938040' 9.7 59395 1 10.240605 
9-697654  9-93796719-759687;  10.2403  13 
9.697874:9.93789519.7599791x0.240021 
9.698094I9.93  7822;  9,760272!  10.239728 
9-6983  1 3 19-937749!  9-760564!  10.239436 
9.698532  9.937676:9.7608561 10.239144 
9.698751  jg. 93 7604' 9. 76 1 148:10.2388 5  2 
9  69897019.937531  9^761439 
Co-siue.  !     Sine.      Co-tang-. 


»'  io.2385( 
lane-. 


10.306547 
10.306324 
10.306102 
10.305-880 
10.060948!  10.305658 
10.06102O;  10.305436 
10.0610921 10.305214 
10.061 164}  10.304993 
10.061237!  10.304771 
10.061309;  10.304550; 
10.C61381  J  10.304329! 
10.06 145  3  j  10.304108-] 
10.061525  ■10,503.887 
10,061598  10.303666 
10,061670  10.303446 
10.C617421IO.303225 

10.061815!  10.303005 
10,061887  10,302785 
10.061960  10.302565 


27 
26 

25 

24 
23 
22 
21 

20 


10.062033 
10.062105 
10.062178 
IG.062251 
10.062324 
10.06239G 
10.062469 

Co -sec. 


10.3.02346 
10.302126 
1O.301906 
10.301687 
1O.301468 
10.3C1249 
10.301030 


1   becant. 


60  Decrees. 
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30  Degrees. 


Sine. 


Co-sme. 


Tang. 


0  9-69897019. 937531  9.761439 

1  9-699'89J9. 937458  9-76i73> 
2;9.699407  9.937385  9.762023 
3  9.69^62619.937312  9.762314 
419.69984419.937238(9.762606 
5;  9.70006219.937165:9.762897 
6| 9. 700280  9.93709219.763188 
7j9.70049Sl9.9370 19' 9.763479 
8  9.7007 1 6j 9. 93694619. 763770 
9!  9. 70093  3!  9. 9368  7  2!  9. 7  6406: 

9  7011S' i 9-936799 ; 9-76435^ 
9. 701368J9.936725J9. 764643 
9.70158519. 936652;9. 764933 
9.70 180219.936578!  9. 765224 
9.702019:9.936505  9.765514 
9.702236,9.93643119.765805 
9.702452  9.936357-9.766095 
9. 702669  J  9. 93 6284 '9. 7 663 8 5 


;  Co-tang, 

10.23856 

10.238269 

10.2379177 

10.237686 

10257394 

10.237103 

10.236812 

10.236521 

10.236230 

10.235939 

10.235648 

10.235357 
10.235067 
10  234776 


Secant. 


10.06246$ 
10.062542 
10.062615 
10.062688 
10.062762 
10.062835 
10.062908 
10.062981 
10. 063054 
10.063128 
10.063201 

10.063275 

10.063548 

^  ,, ,  10.063422 

0.234486110063495 


Co-sec. 

10.301030 
10.300811 
10.300593 
10.300374 
10.300156 
10.299938 
10.299720 
10.299502 
10,299284 
10.299067 
10298849 


10.298632 
10.298415 
10.298198 
10.297981 
10.234195  j  10.063569!  10.297764 
10.233905  10.063643  10.297548 
10.233615  10.063716  10.297331 
9.702885:9.936210:9.766675]  10.233325  10.063790!  10  297 1 15 
9. 703 10 1 19. 936 136 1 9. 766965 110.233035!  10.063864!  10.296899 


9-7033'7 1 9-936062  9^ 7255 1 10.232745 
9-703533l9-9359S8j9. 7^7545!  10.232455 
9.703749J  9. 9359 1419.7678341 10.232166 
9.703964  9.935840,9.768124!  10.231876 
9.704179  9.93576619.768414110.231586 
9.704395  9-935692i9- 768703.10.23 1297 
9. 7046 10;  9.9356 1 8; 9. 768992  10.231008 
9.704825:9.93554319.769281110.230719 
9.705040  9.93546919,769570  10.230430 
9.705254;  9. 93  5395. 9. 769860!  10.230140 
9.705469; 9. 93 5320  9.770148;  10.229852 


10.063938;  10  296683 


10.064012  10.296467 
10.064086 '  10.29625 1 
10.064160  10.296036 
10.064234.10.295821 
10.064308  10.295605 
10.064382:10.295390 
10.064457 '10.295 175 
10.06453 1 ,  10,294960 
10.064605  10.294746 
10.064680  10.294531 


9.705683  9. 93524619. 770437!  10.229563.10.064754  10,294317 

9.705898    9.  935  17  I;  9. 770726.  10.229274' 10,064829  JO.294IO2 

9.706112  9. 93 5097 (9. 7 71015: 10.228985 1 10.064903, 10.293888 
9.706326  9.935022  9.771303;  10.228697110.064978  10,293674 
9,706539  9.93494819.771592:10.228408110.065052  10.293461 
9-706753  9. 934873 19. 77 1880 '10. 228 120 j  10.065 127  10.293247 
9.706967  9-93479Sj9  772168!  10.2278321 10.065202. 10  293033 
9.707 180, 9. 934723 '9- 772457  ;J0.227543 1 10.065277  10.29282c 
9. 707393  9. 934649! 9. 77 2745!  10.22725 5 1 10.0653 5 1. 10.292607 
■  707606  9-934574:9.773033. '0-226967!  10065426  10  292394 
9.7078 199.93449.919.773  321 '10.226679' 10.065501  10.292181 
9.708032.9.934424J9.7736081 10.226392: 10. 065576  10.291968 
9.708245 '9. 934349 19. 7  7  3896 '10.226 104'  10.065651  10,291755 
9.708458  9. 934274J9. 774184' 10.2^5816  10.065726  10.291542 
4519.708670  9. 934199I9. 7 7447 1 1 10.225529  10.065801,10.291330 

46  9.708882  9- 934 1 23 19. 7747 59'  10.225241  10.C6587 7;  10  2911 18 

47  9-709094  9.93404819.775046, 10.224954  10.0659521 10.29O906 
48I9.709306  9.933973'9-775333:'0  224667,  io.o66o27;io.290694 
49 j 9.7095 18  9.933898:9.775621. 10.224379  10.066 102!  10.290482 
50I9.7097JO  9^3382219.775908.^.224092  10.066178J10.290270 


5 1 J9. 709941^9,93374719,776195  10.223805  10.066253110.290059 
52J9.710153  9,93367119.776482.10.223518  10.066329' 1C.289847 

53  9-710364  9. 933596j9  776769  10,223231  10.066404  10.289636 

54  9.71C575  9. 933520,'9. 777055  10.222945  10.066480,10.289425 

55  9.710786  9.93344519,777342  lo  222658  10.066555'  10.289214 

56  9.710997  9. 933369J9. 777628' 10.222372  10.066631  10.2X9003 

57  9.711208  9.93329319.777915  10.222085  10.066707110.288792 

58  9.711419  9.933217I9.778201  10.221799  10.066783!  10.2.8581 

59  9.71 1629  9. 933141  9.778487  10.221513  10.066859' 10.2*837  I 

60  9.711839  9.93306619.778774  10.2^1226  10.066934  10.28816  I 

M  'Co-sine.  '  Sine.  '  Colang 


'iuni 


(X>sec.   Secant   ( 


59  Deg-iees, 
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31  Degrees. 


o 

X 

3 
4 
5 
6 

7 
8 

9 

10 

II 

12 

13 

'5 
i6 

17 
i8 

19 

20 

21 

22 
23 

^4 
25 

26 

27 
28 
29 

30 


31 
32 

33 

34 
35 
36 

n 

38 

39 

11 

41 

4a 

43 

44 

45 

46 

47 
48 

49 
p. 
51 

;2 

53 

54 
55 
56 
57 
58 
59 
60 


.  Si 

:9.7 

|9-7 
9.7 
97 
9-7 
9.7 
9-7 
9-7 
9-7 
9-7 
<yj_ 

9-7 
9-7 
9-7 
9-7 
9-7 
9-7 
9-7 
9.7 
9-7 

?:I 

9-7 
9-7 
9-7 
9-7 
9-7 
9-7 
9-7 
9  7 
9-7 
9-7 

9-7 
9-7 

9-7 
9-7 
9-7 
9-7 
9-7: 
9-7: 
9-7 


ne 

"i'839 
2050 
2260 
2469 
2679 
288 

309 
3308 

35'7 

3726 

3935 

4144 

4352 
4561 

4769 
4978 
5186 

5394 
5602 
5809 
6or7 
6224 
6432 
6639 
6846 

7053 
7259 
7466 
7673 
7879 
8085 

8291 
8497 
8703 
8909 
9114 
9320 
9525 
973^ 
9935 


9.720140 
9.720345 
9.720549 
9.720754 
9.720958 
9.721162 
9.721366 
9.721570 

9.721774 
9.721978 
§.722[8r 

9.722385 
9.722588 
9.722791 
9.722994 
9.7231Q7 
9.723400 
9.723603 
9.723805 
9.724007 
9-724210 
Co-sine. 


Co-sine. I  Tang-.   Co-tang: . 

9.933066 
9.932990 
9.932914 
9.932838 
9.932762 
9.932685 
9.932609 
9932533 
9932457 
9.932380 
9.932304 


9.932228 
9932151 
9.932075 
9.931998 
9931921 
9.931845 
9.931768 
9.931691 
9.931614 
9^93^537 
9  931460 
9-93'383 
9.931306 
9931229 
9.931152 

9-931075 
9.930998 
9930921 
9-930843 
9-930766 

9  930688 
9.930611 

9-930533 
9.930456 
9930378 
9.930300 
9.930223 

9930145 
9-930067 

9-929989 
9.92991 1 
9.929833 

9-929755 
9.929677 
929599 
9.929521 
9.929442 

9-929364 
9.929286 

9  929207 
9.929129 
9.929050 
9.928972 
9.928893 
9.928815 
9.928736 
9.928657 
9.928578 
9.928499 
9.9  2  8420 


Sine. 


9.778774,10.221226 
9.779060!  10.220940 
9.779346  ic  220654 
9.779632  10.220368 
9.779918  10.220082 
9.780203  10.219797 
9  780489  10.219511 
9.780775110.219225 
9.781060!  10.218940 
9.7813461 10.218654 
9.781631  FO.218369 

10.218084 
10.217799 
10  217514 
10.217229 
10,216944 
10.216659 
10.216374 
10.216090 
10.215805 
10.215521 


9.781916 
9.782201 
9.782486 
.782771 
9.783056 

9-783341 
9.783626 
9.783910 
9.784195 
9-784479 
9.784764 
9.785048 
9-785332 
785616 
785900" 
9.786184 
9.786468 
9.786752 
9.787036 
9-7873t9 
9.787603 
9.787886 
9.788170 
9-788453 
788736 
9.789019 
9.789302 
9.789585 
9.789868 
9  790151 

790433 
9.790716 
9.790999 
9.791281 

9-791563 
9.791846 
9.792128 
9.792410 
9.792692 
9-792974 
9.793256 
793538 
9-793819 
9.794101 

9794383 
9.794664 

9-794945 

795227 

9.795508 

9.795789 


Co-tang-. 


10.215236 
10.214952 
10  214668 
10214384 
10.214100 
10.213816 
10.213532 
10  213248 
10.212964 
10.212681 


10.212397 
10  2121 14 
10.21 1830 
10.211547 
10.211264 
10.210981 
10.210698 
10.210415 
10  210132 
10.209849 

10.209567 
10.209284 
10.209001 
10  208719 
10.208437 
10.208154 
10. 207872 
10.207590 
10.207308 
10.207026 


10.206744 
10.206462 
ia2o6i8i 
10  205899 
10.205617 
10.205336 
IC. 205055 
10.204773 
10.204492 
10.20421 1 


Tang:. 


Secant. 

0.066934 

0.067010 

0.067086 

0.067162 

0067238 

0.067315 

o  067391 

0.067467 

0.067543 
0.067620 
0.067696 


0.067772 
0.067849 
0.067925 
0.06S002 
0.068079 
0.068155 
0.068232 
0.068309 
0.068386 
0.068463 

0.068540 
0.068617 
0.068694 
0.068771 
0.068848 
0.068925 
o  069002 
0.069079 
0.069157 
0.069234 

O  0693 (2 
0.069389 
0.069467 
0.069544 
0.069622 
0.069700 
0.069777 

o  069855 

0069933 

0.0700J.1 


0.070089 
0.070167 
0.070245 
0.070323 
0.070401 

0.070479 
0.070558 
0.070636 
0.070714 

0.070793 


0.070871 
0.070950 
0.071028 
0.071 107 
0.07II85 
0.071264 
0.07 1343 
0.071422 
0.071501 
0.071580 
Co-sec. 


Co-sec. 

M 

10.28816: 

60 

10.287950 

59 

10.28774O 

58 

10.287531 

57 

10.287321 

56 

10.287111 

55 

10.286902 

54 

10.286692 

53 

10.286483 

52 

10.286274 

51 

10.286065 

50 
49 

10.285856 

10.285648 

48 

10.285439 

47 

10.285231 

46 

10.285022. 

45 

10.284814 

44 

10.284606 

43 

10.284398 

42 

10.284191 

4X 

10.283983 

40 

lo  283776 

39 

10  28356S 

38 

10.283^61 

37 

10.283.54 

36 

10.282947 

35 

10.282741 

34 

10  282534 

Zl 

10.282327 

32 

10.282121 

31 

10.281915 

30 

10.281709 

29 

10  281503 

28 

10.281297 

27 

10.281091 

26 

10.280886 

25 

10.280680 

24 

10.280475 

23 

10.280270 

22 

10.280065 

21 

10.279860 

20 

10.279655 

J  9 

10.279451 

j8 

10.279246 

17 

I0.279042 

16 

10.278838 

15 

I0.27S634 

H 

10.278430 

13 

10.278226 

12 

10.278022 

II 

10.277819 

10 

10.277615 

9 

10.277412 

8 

10.277209 

7 

10.277006 

6 

10.276803 

5 

10.276600 

4 

10.276397- 

3 

10.276195 

2 

10.275993 

I 

10.275790 

0 

Sec-.nt. 

58 


Degrees. 


,g     LOGAHITHMIC  sines,  tangents,  and  SECANTS. 


)2  Degrees, 


M 
0 

Sine. 

Co-sine. 

Tang.  Co-Uni;. 

Secam. 

Co-sec. 

M 

60 

9.724210:9.928420 

9.795789  10.204211 

10.071580 

10.275790 

1 

9.724412J9.928342 

9.796070  10.203930 

10.071658 

10.275588 

59 

2 

9.72461419.928263 

9.796351  10.203649 

10.071737 

10.275386 

58 

5 

9.724816I9.928183 

9.796632,10.203368 

10,071817 

10.275184 

57 

4 

9.72501719.928104: 

9.796915-10.203087 

10.071896 

10.274983 

56 

5 

9.72521919  928025I 

9.797i94'jo.2028o6 

10.071975 

10.274781 

55 

6 

9.72542OJ9.927946' 

9.797475  10.202525 

10,072054 

10.274580 

54 

7 

9.725622,9.927867- 

9-797755  10.202245 

10.072133 

10.274378 

53 

8 

9.7258,23^9.927787 

9.798036  10.201964 

10.072213 

10.274177 

S^ 

9 

9.726024  9.927708 

9.798316. 10.201684 

10,072292 

10,273976 

51' 

10 

11 

9.726225  9.927629 

9.798596  10,201404 

10.072371 

10.273775 

50 
49 

9.726.426I9.927549  9.798877  10.201 123 

10.072451 

10.273574 

12 

9.726626  9.927470,9.799 157  10.200843 

10.072530 

10.273374 

48 

13 

9.726827i9-927390.9  799437  10.20Q563 

10.072610 

10  273173 

47 

I4j9.727027j9. 9273^0 

9.799717  10,200283 

10.072690 

10.272973 

46 

15 

9.72722819. 9272:11 

9.799997:10.200003 

10,072769 

10.272772 

45 

i6 

9.727428 

9.927 15 1 

9.8oo277!io.i99723 

10.072849 

10  272572 

44 

17 

9.727628 

9.927071 

9.800557: 10.199443 

10.072929 

10.272372 

43 

18 

9.727828 

9.926991 

9.800836' 10. 199164 

10.073009 

10.272172 

42 

19 

9.728027! 

9.9269H 

9.801 1 16' 10. 198884 

10.073089 

10.271973 

41 

20  9.7282271 
2i;9.728427; 

9.926331 
9.92675 1' 

9,801396  10,198604 
9.801675  10.19S325 

10.073169 
10073249 

10.271773 

40 
39 

10.271573 

22I9.728626' 

9.926671^9.801955  10  198045 

10.073329 

10.271374 

38 

23:9728825 

9.926591^9.802234  '0.197766 

10.073409 

10.271175 

37 

2419-729024 

9.92651 1 

9.802513  10.197487 

10.073489 

10.270976 

36 

25 

9.729223, 

9.926431 

9.802792  10.197208 

10.073569 

10.270777 

35 

26 

9.729422' 

9.926351 

9.803072:10.196928 

10.073649 

10.270578 

34 

27 

9.729621 

9.926270 

9.803351I10.196649 

10.073730 

10.270379 

33 

28 

9.729820 

9.926190 

9,803630:10,196370 

10.073810 

10.270180 

32 

29 

9.7300J8 

9.926110 

9.803908:10.196092 

10.073890 

10  269982 

35 

30I9.730217 

9.926029 
9-925949 

9.804187110,195813 

10.073971 

10.269783 

30 
29 

31 

9.7304'5 

9.804466 

10.195534 

10.074051 

10.269585 

32 

9.730613 

9.925868 

9.804745 

10.195255 

10.074132 

10.269387 

28 

33 

9.730811 

9.925788 

9-8050231 

10  194977 

10.074212 

10.269189 

27 

34 

9.731009 

9.925707 

9,8053021 

10.194698 

10,074293 

10.268991 

26 

35 

9.731206 

9.925626 

9.8055801 

10.194420 

10074374 

10.268794 

25 

36 

9.731404 

9.925545 

9.805859 

10  194141 

10.074455 

10.268596 

24 

37 

9.731602 

9.925465 

9.806137 

10.193863 

10.074535 

10,268398 

23 

38 

9-731799 

9.925384 

9.806415 

10.193585 

10,074616 

10.268201 

22 

39 

9.731996 

9925303 

9.806693 

10.193307 

10,074697 

10.268004 

21 

_40 
41 

9732193 
9.732390 

9.925222 
9.925141 

9.806971 
9  807249 

10.193029 
10.192751 

10.074778 

10,267807 

20 
19 

10.074859 

10,267610 

42 

9-732587 

9.925060 

9.807527 

10.192473 

10.074940 

io.2674'5 

18 

43 

9.732784 

9  924979 

9,807805 

10.192195 

10.075021 

10.267216 

17 

44 

9.732980 

9.924897 

9.808083 

10.191917 

10.075103 

10.267020 

16 

45 

9-733177 

9.924816 

9.808361 

10.191639 

10.075184 

10.266823 

15 

46 

9-733373 

9-924735 

9.80S638 

10.191362 

10.075265 

10.266627 

14 

47 

9-733569 

9.924654 

9.808916 

10.191084 

10.0-75346 

10.266431 

13 

.48 

9  733765 

9.924572 

9.809193 

10.190807 

10.075428 

10.266235 

12 

49 

9-733961 

9.924491 

9.809471 

10.190529 

10.075509 

to.266039 

II 

50 

9.734'57 

9.924409 

9.809748 

10,190252 

^0-07559' 

10.265843 

10 

5' 

9  734353 

9.924328 

9.810025 

10.189975 

10.075672 

10.265647 

~9~ 

52 

9-734549 

9.924246 

9.810302 

10.189698 

10.075754 

10.265451 

8 

S2 

9-734744 

9.924164 

9.810580 

10,189420 

10.075836 

10.265256 

7 

54 

9-734939 

9.924083 

9.810857 

10.1S9143 

10.075917 

10.265061 

6 

55 

9.735135 

^.924001 

9-811134 

10.188866 

10.075999 

10,264865 

5 

56 

9735330 

9.923919 

9.211410 

10,188590 

10.076081 

10  264670 

4 

57 

9-735525 

9-923837 

9  811687 

10.188313 

10.076163 

10. 26447  5 

3 

58 

9-735719 

9-923755 

9.811964 

10.188036 

10.076245 

10.264281 

a 

55 

9-735914 

9-923673 

9.812241 

10.187759 

10.076327 

10.264.086 

1 

60 

9.736109 

9-923  59  > 
Sine. 

9.812517 

10.1874S3 

10.076409 
Co-sec. 

10.263891 

0 

M  1  Co-sire. 

Co-tang. 

Tang. 

Secant. 

o7 
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33 

Degrees. 

M  f  Sine.   Co-sine. 

1  Tan^. 

Co-tan.er-   Secant  ,  Co-sec 

M 

o  ,g  736'09  g.gzs^-ti 

19.812517 

10.187483 

10.076409  10.263S91 

6. 

I  9-736303  9-923509 

'9-8x2794 

10.187206 

10.076491 

10.263697 

S' 

2  9-736498  9  923427 

9-813070 

10.186930 

10.076573 

10.263502 

3 

j  9.736692  9  923345 

9.813347 

10.186653 

10.076655 

10.26330S 

5- 

4  9.736886  9.923263 

9-8x3623 

10.186377 

10076737 

10.263114 

56 

5  9-73"o8o  9.92318c 

98x3899 

10.186101 

10.076819 

10.262920 

55 

6  ;9  737274 

9.92309^8 

9.814175 

10  185825 

10.076902 

10  262726 

54 

7  ^9-737467 

9.923016 

9-8x4452 

ro.185548 

10.076984 

10.262533 

53 

8  ,9737^1 

9.922933 

9.814728 

1C.185272 

10  077067 

10.262339 

5- 

9  9737855 

9.922851 

9.815004 

10.184996 

10.077149 

10.262145 

jx 

10  9.738048 

9.922768 

9-8x5279 

10.184721 

10.077232 

10.261952 

50 

II  9-73824« 

9.922686 

^-8x5555 

10.184445 

10.077314 

10.261759 

49 

12 

9-738434 

9.922603 

9815831 

10.184169 

10.077397 

10.261 566 

48 

13 

9738627 

9.922520 

9.816107 

10.183893 

10.077480 

10  261373 

4-' 

14 

9  738820 

9.922438 

9.816382 

10.183618 

10.077562 

10.261180 

46 

15 

9.739013 

9-922355 

9.816658 

10.183342 

10.077645 

10.260987 

45 

16 

9.739206 

9.922272 

9.816933 

10.183067 

10.077728 

10.260794 

44 

17 

9-739398 

0.922189 

9.817209 

10.182791 

iao778ii 

10.260602 

43 

18 

9-739590 

9.922106 

9,817484 

10.182516 

10.077894 

10.260410 

42 

19 

9739783 

9.922023 

9.817759 

10.182241 

10.0779-7 

10.260217 

4> 

20 

■9-719975 

9.921940 

9.818035 

10.181965 

10.078060 

10.260025 

40 

21' 

9.740167 

9.921857 

9.818310 

10.181690 

10.078143 

10.259833 

39 

22 

9-740359 

9.921774 

9.818585 

10. 18 141 5 

10.078226 

10.259641 

38 

23 

9.740550 

9.92x691 

9.818860 

io.i8i  140 

10.078309 

10.259450 

37 

24 

9740742 

9.921607 

9.819135 

10.180865 

10.078393 

10.259258 

36 

2i 

9-740934 

9.921524 

9.819410 

10.180590 

10.078476 

10.259066 

35 

26 

9.741125 

9.921441 

9.819684 

10.180316 

10.07,8559 

10.258875 

34 

27 

9-7413x6 

9.921357 

9.819959 

10: 1 8004 1 

10.078.643 

10.258684 

33 

23 

9-74150S 

9-92x274 

^.820234 

10  179766 

10.0787  2tf 

10.258492 

32 

29 

9.741699 

9921190 

9.820508 

10  179402 

IO.O7881C 

10.258301 

3X 

S0__ 

9.74^889 

9-92x107 

9.820783 

10.179217 

10.078893 

10.2581 11 

30 

31 

9.742080 

9.921023 

9.821057 

10.178943 

10.078977 

10.257920 

29 

32 

9.742271 

9.920939 

9.82133.2 

10.178668 

10.079061 

10.257729 

28 

U 

9.742462 

9.920856. 

9.821606 

10.17S394 

10.079X44 

10.257538 

27 

34 

9.742652 

9.920772 

9.8218S0 

fO.178120 

10.079228 

10.257348 

26 

35 

9742842 

9.920688 

9.822154 

10.177846 

10.079312 

10.257,58 

^5 

3f> 

9-743033 

9.920604 

9822429 

10.177571 

10.079396 

10:256967 

24 

37 

9.743223 

9.920520 

9.822703 

10.177297 

10.079480 

io.256*"77 

23 

38 

9-7434x3 

0.920436 

9.822977 

10.177023 

10.079564 

10.256587 

22 

39 

9.743602 

9-920352 

9-823250 

10.176750 

10.079648 

10.256398 

21 

40_ 

9-743792 

9.920268 

9  823524 

10.176476 

10.079732 

10.256208 

20 

41 

9.743982 

9.920184 

9.823798 

10.176202 

10.079816 

10.256018 

19 

42 

9-744x71 

9,920099 

9  824072 

10.175928 

10.079901 

10.255829 

18 

43 

.5.744361 

9920015 

9.824345 

10.175655 

10.079985 

10.255639 

X7 

44 

9.744550 

9.91993  1 

9  824619 

10.175381 

10.080069 

10  255450 

16 

45 

9-744739 

99x9846 

9-824893 

10.175107 

10.080154 

10.255261 

*5 

46 

9.744928 

9.919762 

9.825166 

10.174834 

10.080238' 10.255072 

X4 

47 

9.745117 

9-919677 

9.825439 

10.174561 

IOO80323JIO.254883 

X3 

48 

9.745306 

9-9x9593 

9.825713 

10- 174287 

10.080407!  10.254694 

12 

49 

9-745494 

9.919508 

9.825986 

10.174014 

10.080492110.254506 

II 

52_ 

9.745683 

9-919424 

9.826259J10.173741 

10.080576' 10.254317 

10 

Si 

9.745871 

9-9x9339 

9.826532 

10.173468 

io.o8o£6i  10.254129 

9 

52 

9.746060 

9.919254 

9.826805 

10.173195 

10.080746  10.253940 

§ 

53 

9.746248 

9-9x9169 

9.827078 

10.172922 

10.080831' 10.253752 

7 

54 

9.746436 

9.9x9085 

9.82735X 

10.172649 

I0.08C9I5:  ro.253564 

6 

55 

9.746624 

9.919000 

9.827624 

10.172376 

10.081000, 10.253376 

5 

56 

9.746812 

9.918915 

9-827897 

10.172103 

10.081085^10.253(88 

4 

57 

9.746999 

9.918830 

9.828170 

10.171830 

10.081170  10.253001 

5^ 

58 

9.747x87 

9-9x8745 

9.828442 

10.171558 

£0.081255  10.252813 

2 

59 

9-747374 

9.918659 

9.828715 

10.171285 

10.081341  10.252626 

~t 

6d 

M 

9.747562 
(Jo-sifie. 

9-9x8574 
Sine. 

9.82S987 

10.171013 

10.081426  10,252438 

0 

Co-tati^'-. 
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D^S^^es. 

bO      LOGAIIITHMIC  SINES,  TANGENTS,  AND  SECANTS. 


3i  Deprrees. 


M 

Sine   iCvO-sine. 

Tan^i^.  1  Co-lani^.  |  Secant 

Co-sec. 

M 

60 

0 

9.747562  9.918574 

9.8209S7 

10.171013  I1C.081426 

10.252438 

I 

9-747749!9-9'8489 

9.829260 

10. 170740 1 10.0815 1 1 

10.252251 

59 

2 

9-747936  99>8404 

9-829532 

10.170468 

10.081596 

10.252064 

58 

3 

9.748123 

9-9'83i8 

9.829805 

10  170195 

10.081682 

JO.251877 

57 

4 

9.7483 'O 

9.918233 

9  830077 

10.169923 

10  081767 

10.251690 

56 

5 

9  748497 

9.918147 

9-830349 

XO.169651 

10.081853 

10.251503 

55 

6 

9.748683 

9.918062 

9.830621 

10.169379 

10.081938 

10.251317 

54 

7 

9.748870 

9.917976 

9-830893 

10.169107 

10.082024 

10.251130 

53 

8 

9.749056 

9917891 

9.831165 

10.168835 

10.082109 

10.250944 

52 

9 

9-749^3 

9.917805 

9-831437 

10.168563 

10  082195 

10250757 

51 

lO 

9.749429 

9.917719 

9- -3  1709 

10.168291 

10.082281, 

10.250571 

50 

II 

9.749615 

99>7634 

9.831981 

10.168019 

10.082766 

10.250385 

49 

12 

9.749801 

9.917548 

9.832253 

10.167747 

10.082452 

10.250199 

4i 

U 

9.749987 

9.917462 

9.832525 

10.167475 

10.082538 

10.250013 

47 

14 

9.730172 

9.917376 

9.832796 

10.167204 

10.082624 

10.249828 

46 

15 

9750358 

9.917290 

9.833068 

10.166932 

10082710 

10.249642 

45 

16 

9-750543 

99.7204 

9833339 

10.166661 

10.082796 

10.249457 

44 

17 

9.750729 

9.917118 

9-833611 

10.166389 

10.082882 

10.249271 

43 

iS 

9.750914 

9.917032 

9-833882 

ic.i6biiS 

10.082968 

10.249086 

42 

19 

9.751099 

9.916946 

9.834154 

10.165846 

10083054 

10.248901 

41 

20 

9.751284 
9.751469 

9916859 
9-916773 

9.834425 

10.165575 

10.083141 

10.083227 

10.248716 
10  248531 

40 
39 

9.834696 

10.165304 

22 

9.751654 

9.916687 

9.834967 

10.165033 

10.083313 

10.248346 

38 

-3 

9751839 

9.916600 

9-835238 

10.164762 

10.083400 

10.248161 

37 

24 

9.752023 

9.916514 

9.835509 

10.164491 

10.083486 

10.247977 

36 

25 

9.752208 

9.916427 

9.835780 

10.164220 

10.083573 

10.247792 

35 

26 

9-75239^ 

9.916341 

9  836051 

10.163949 

10.083659 

10.247608 

34 

27 

9-.''52576 

9.916254 

9-836322 

10.163678 

10.083746 

10.247424 

33 

28 

9.752760 

9.916167 

9-836593 

10.163407 

10.083833 

10.247240 

32 

29 

9.752944 

9.916081 

9  836864 

10.163136 

10.083919 

10.247056 

3J 

3* 

9.753128 
9-7533«2 

9.915994 
9.915907 

9^837134 
9-837405 

30.162866 

10.084006 
10.084093 

10.246872 

30 
29 

10.162595 

10.246688 

sa 

9-753495 

9.915820 

9-837675 

10.162325 

10.084180 

10.246505 

28 

33 

9-753679 

9-915733 

9.837946 

10.162054 

10.084267 

10.246321 

27 

34 

9.753862 

9.915646 

9.8382:6 

10.16:784 

10.084354 

10.246138 

26 

35 

9.754046 

9-9'5559 

9.838487 

10.161513 

10.084441 

10.245954 

25 

36 

9-754229 

9.915472 

9-838757 

10.161243 

10.084528 

10.245771 

24 

37 

9.754412 

9-915385 

9-839027 

10.160973 

10.084615 

10.245588 

23 

38 

9-754595 

9.915297 

9.839297 

10.160703 

10.084703 

10.245405 

22 

39 

9754778 

9.915210 

9.839568 

10.160432 

10.084790 

10.245222 

21 

41 

9.754960 
9-755f43 

9.915123 

9-839838 
9.84G108 

10  160162 

J0084877 

10.245040 
10.244857 

20 
'9 

9- 9 15035 

10  159892 

10.084965 

42 

9755326 

9914948 

9-840378 

10.159622 

1C.085052 

10.244674 

18 

43 

9755508 

9.914860 

9.840647 

'0- 1 59353 

10.085140 

10.244492 

17 

44 

9.755690 

9-9'4773 

9.840917 

10.159083 

10.085227 

10.244310 

16 

45 

9.755872 

9.9x4685 

9.841187 

10.158813 

10.C85315 

10.244128 

15 

46 

9.756054 

9.914598  9-841457 

10.158543 

10.085402 

10.243946 

14 

47 

9.756236 

9  914510  9.841726 

10.158274 

1C.085490 

10.243764 

13 

48 

9.756418 

9.914422  9.841996 

10.158004 

10.085578 

10.243582 

12 

49 

9-756600 

9-9'4334  9-842266 

10.157734 

10.085666 

10.243400 

ir 

i2- 

5' 

9.756782 
9.756963 

9j^i424^ 

9-842535 

10.157465 
10.157195 

10.085754 

10.243218 

10 
9 

9.914158 

9.842805 

10.085842 

10.243037 

5* 

9-757144 

9.914070 

9.843074 

10.156926 

10.085930 

10.242856 

8 

53 

9.757326 

9.913982 

9-843343 

10.156657 

10.086018 

10.242674 

7 

54 

975750- 

9.913894 

9.843612 

10.156388 

10.0861-06 

10.242493 

6 

55 

9.757688 

9.913806 

9.843882 

10.156118 

10.086194 

10.242312 

5 

56 

9.757869 

9.913718 

9  844151 

10.155849 

10.086282 

10.242131 

4 

57 

9.758050  9  9 '3630 

9.844420 

10.155580 

10.086370 

10.241950 

3 

58 

9-758230  9.91354'] 

9.844689 

10.155311 

10.086459 

10.241770 

2 

59  9-7584'i^-9»3453J9  844958; 

10.155042 

10.086547 

10.241589 

I 

60  9-75859» 

9-91336519-845227 

10.154773 

10.086635 

10.241409   0  1 

M  (  Co- sine.' 

Sine.   Co-tang-   Tang-.  '  Co-sec. 

Secant.  '  M  1 

55   ] 

Jegrees. 

LOGARITHMIC  SINES,  TANGENTS,  AND  SECANTS.       61 


35  Degrees. 


M 

Sine. 

Co -sine.  1  Tang-.  ,  Co-tang-.  |  Secaat. 

Co-sec.  1  M  1 

__• 

O 

9.758591 

9.913365 

9. 845227' 10.154773  10.086635 

10.241409 

60 

I 

9.758772 

9.913276 

9.845496;  10.154504  10.086724 

10.241228 

59 

2 

9.758952 

9.913187 

9.845764  10.154236  10.086813 

10.241048 

58 

3 

9-759^32 

9.913099 

9. 846033  j 10. 153967 ! 10.086901 

10.240868 

57 

4 

9.750312 

9.913010 

9.846302  10.153698  10.086990 

10.240688I  56 

5 

9.759492 

9.912922 

9.846570110.153430  10.087078 

10.240508 1  55 

6 

9.759672 

9-9»2833| 

9.846839  10. 153 161-10.087 167 

10.240328!  54 

7 

9.759852 

9.912744 

9.847107,10.152893  10.087256 

10.240148;  53 
-10.239969I  52 

8 

9.760031 

9.9 1 265  5  j 

J. 847376  10.152624  10.087345 

9 

9.760211 

9.912566. 

5.847644  10.152356  10.087434 

10.239789  51 

lO 

9.760390 
9.7605&9 

9.912477: 
9.912388 

9.847913 
5.848181 

10.152087  10.087523 

10.239610 

50 

10.151819  10.087612 

10.239431 

49 

12 

9.760748 

9.912299 

9.848449  10.151551 

10.087701 

10239252!  48 

13 

9.760927 

9.912210' 

9.8487i7'io.i5i283 

10.087790 

10.239073 j  47 

14 

9.761 106 

9,912121 

9848986^ 10.151014 

10.087879 

10.238894 

46 

»5 

9.761285 

9.912031: 

9.849254  10. 150746 

10.087969 

10.238715 

45 

16 

9-761464 

9.911942 

9.849522  10.150478 

10.088058 

10.238536 

44 

17 

9.761642 

9911853 

5-849790 

10.150:110 

10.088147 

10.238358  43 

18 

9.761821 

9-9117631 

9.850058 

10.149942 

10.088237 

10.238179  42 

19 

9.761999 

9.911674 

9.850325 

10.149675 

10.088326 

10.238001  41 

20 

9762177 

9.911584 

9.850593 

10.149407 

10.088416 

10.237823,  40 

21 

9.762356 

9.911495 

9.850861 

10.149139 

10.088505 

10.237644  39 

22 

9.76-2534 

9.9 1 1405 

9  851129 

10.148871 

10.088595 

10.237466  38 

23 

9.762712 

9.911315 

9,851396 

10.148604 

10.088685 

10237288  37 

24 

9.762889 

9.911226 

9.851664 

10.148336 

10.088774 

10.237111  36 

25 

9.763067 

9-911U6 

9.851931 

10.148069 

10.088864 

10236933  35 

26 

9-763245 

9.911046 

9.852199 

10.147801 

10.088954 

10.236755  34 

27 

9  763422 

9.910956 

9.852466 

10.147534 

10.089044 

10.236578  33 

28 

9.763600 

9.910866 

9-852733 

10.147267 

10.089134 

10. 236400^  32 

29 

9-763777 

9.910776 

9-853001 

10.146999 

10  089224 

10.236223:  31 

J2 

9.763954 

9.910686 

9.853268 

10.146732 

10.089314 

10.236046!  30 

31 

9.764131 

9.910596 

9-853535 

10.146465 

10  089404 

10.235869'  29 

32 

9.764308 

9.910506 

9.853802 

10.146198 

10.089494 

10.235692  28 

33 

9.764485 

9.910415 

9.854069 

10.145931 

10.089585 

10.235515  27 

34 

g. 764662 

9.910325 

9-854336 

10.145664 

10.089675 

10.235338  26 

35 

9-764838 

9.910235 

3-854603 

10.145397 

1C.089765 

10.235162  25 

36 

9.765015 

9.910144 

9.854870 

10. 145 1 30 

10.089856 

10.234985'' 24 

37 

9.765191 

9.910054 

).855'37 

10,144863 

10.089946 

10.234809,  23 

38 

9-765367 

9.909963 

9.855404 

10.144596 

10.090037 

10.234633;  22 

39 

9-765544 

9.909873 

9.855671 

10.144329 

10.090127 

10.234456!  2t 

40 

9.765720 

9.9097821 

9-855938 

10.144062 

10.090218 

10.234280  '  20 

41 

9.765896 

9.909691 

9.856204 

10.143796 

10.090309 

10.234104   19 

42 

9.766072 

9.909601 

9.856471 

10.143529 

10090399 

10.233928:  18 

43 

9.766247 

9.909510 

9.856737 

10,143263 

10.090490 

10.233753'  17 

44 

9.766423 

9.909419 

9-857004 

10.142096 

10.090581 

10.233577   16 

45 

9.766598 

9.909328 

9.857270 

10.142730 

10.090672 

10.233402   15 

46 

9-766774 

9.909237 

9-857537 

10.142463 

10.090763 

10.233226   14 

47 

9.766949 

9.909146 

9.857803 

10.142197 

10.090854 

10233051   13 

48 

9.767124 

9.9C9055 

9.858069 

10.141931 

10.090945 

10.232876   12 

49 

9.767300 

9.908964 

9.858336 

10.141664 

10.091036 

10.232700   11 

50 

9-767475 

9.908873 

9.858602 

10.141398 

10.091127 

10.232525   10 

5» 

9.767649 

9.908781 

9.858868 

10.141 132 

10.091219 

IO.232351I   9 

5^- 

9767824 

9.908690 

9-859134 

10.140866 

10.091310 

10.232176   8 

53 

9.767999 

9.908599 

9.859400 

10.140600 

10  091401 

T0232001   7 

54 

9-768173 

9.908507 

9.859666 

10.140334 

10.091493 

10.231827 

6 

55 

9.768348 

9.908416 

9.859932 

lo.  14006S 

10.091584 

10.231652 

5 

56 

9.768522 

9.908324 

9.860198 

10.139802 

10.091676 

10231478 

4 

57 

9.768697 

9.908233 

9.860464 

10.139536 

10.091767 

10.231303 

3 

58 

9.768871 

9.908141 

9.860730 

io.139270 

10.091859 

10.231129   2 

59 

9.769045 

9.908049 

9.860995 

10.139005 

10.091951 

10.230955   I 

60 

9  769219 

9.907958 

5.861261 

10.138739 

10.092042 

10.230781   0 

M 

Co-sine. 

Sine. 

Co -tan  ,^. 

Tang-. 

Co-sec. 

Secant  '  M 

54  Degrees. 


6Z     LO&ARITHMIC  SIN  £S,  i  ANGEXTS,  AND  SECANTS. 


3^;  Dep-rees. 


M  1  Sine.  1  Co-sine.  Tanff. 

Co-tang-. 
10.138739 

Secant. 

G«-sec.  1  M  { 

0I9.769219J9.907955?  9.861261 

10.092042 

10.230781 

eo 

I  9.-69393I 9.907866  9.861527,10.138473 

10.092134 

10.230607 

59 

2'9.769s66  9.907774  9-86i792ii0.i38208 

10092226 

10.230434 

58 

3.9.769740  9.907682  9.862058  10. 137942 

10.092318 

10.230260 

57 

4  9-769913  9-907590  9-862323'io.i37677 

10092410 

10.230087 

56 

5  9.770o87'9.907.498  9.862589;  19.13741 1 

10.092502 

10.229913 

55 

6  g. 770260* 9.907406  9.862854110.137146 

10.092594 

10.229740 

54 

7 

9.770433  9  9073'4  9-863M9;io.i36S8i 

10.092686 

10.229567 

53 

8 

9.770606  9.907222  9.863^85  10.136615 

10.092778 

10.229394 

52 

9' 

9.770779*9.907129  9.863650  10.136350 

10.092871 

10.229221 

51 

10 

9.77095219.907037  9.863915110.136085 

10.092963 

10.229048 

50 

II 

9.77112519-906945  9-864180 

10.135820 

10.093055 

10.228875 

49 

12 

9.771298J9.906852  9864445 

10.135555 

10.093148 

10.228702 

48 

13 

9.771470  9.906760  9.864710 

10.135290 

10.093240 

10.228530 

47 

14 

9  771643  9.906667  9864975 

10.135025 

10.093333 

10.228357 

46 

15 

9771815  9-9065.75,9-865240 

10.134760 

10093425 

10  228185 

45 

16 

9.771987  9.906482  9.865505 

10.134495 

10.093518 

10.228013 

44 

17 

9772159  9-906389,9.865770 

10.134230 

10.093611 

10.227841 

43 

18 

9.772331  9.906296  9.866035 

10.133965 

10.093704 

10,227669 

42 

»9 

9.772503  9.9o6204!9.866300 

10.133700 

10.093796 

to.  227497 

4» 

20 

9.772675  9.90611119.866564 

^o_ij3436 

10.093889 

iO.227325 

40 

11 

9.772847  9. 906018I9. 866829 

10.133171 

10.093982 

10.227153 

39 

22 

9-773018  9.905925 

9.867094 

10.132906 

10.094075 

10.226982 

38 

23 

9.7731909-905832 

9.867358 

10.132642 

10.094168 

10.226810 

37 

H 

9-773361  9-905-39 

9.867623 

10.132377 

10.094261 

10.226639 

36 

^S 

9-773533  9-905645 

9.867687 

10.132113 

10.094355 

10.226467 

35 

26 

9-77370419-905552 

9.868152 

10.131848 

10.094448 

10.226296 

34 

27 

9.773875:9-905459 

9.868416 

10.131584 

10.094  54T 

10.226125 

33 

28 

9.77404619-905366 

9.868680 

.•0.131320 

10.094634 

10.225954 

32 

29 

9-7742i7i9-905272 

9.868945 

10.131055 

10.094728 

10.225783 

3» 

J2 

3» 

9.774388J9.905179 
9.774558J9.905085 
9.774729  9.904992 
9.77489919-904898 

9.869209 
9.869473 

10.130791 
io.130527 

10.094821 

10.225612 

30 
29 

10.094915 

10.225442 

32 

9.869737 

10.130263 

10.095008 

10.225271 

28 

n 

9.870001 

10.129999 

10.095102 

10.225101 

27 

34 

9.775070 

9.904804 

9.870265 

10. 1297  J5 

10.095196 

10.224930 

26 

35 

9.775240 

9.9047 1 1 

9.870529 

10. 1 2947 1 

10.095289 

10,224760 

25 

36 

9-7754'0 

9.904617 

9.870793 

10. 129207 

10.095383 

10.22459c 

24 

^^ 

9-775580 

9-904523 

9.871057 

10  128943 

10.095477 

10.224420 

23 

38 

9-775750 

9.904429 

9-871321 

10.128679 

10.095571 

10.224250 

22 

39 

9.775920 

9-904335 

9.871585 

10.128415 

10.095665 

10.22400O 

21 

40 

9,776090 

9.904241 

9.871849 

10.128151 

10.095759 

10.225910 

20 

4t 

9-776259J9.904I47 

9.872112 

10.127888 

10.095853 

10.223741 

»9 

42:9776429 

9.904053 

9.372376 

10.127624 

10.095947 

10.223571 

18 

43 

9.776598 

9-903959 

9.8f72640 

10.127360 

10.096041 

10  223402 

17 

44 

9.776768 

9.903864 

9.872903 

10.127097 

10  096136 

10.223232 

16 

45 

9.776937 

9.903770 

9.873167 

10.126833 

10.096230 

10.223063 

15 

46 

9-777106 

9.903676 

9.873430 

10.126570 

10096324 

10.222894 

14 

47 

9-777275 

9.903581 

9.873694 

10.126306 

10.096419 

10.222725 

»3 

48 

9-777444 

9.903487 

9-873957 

10.126043 

10.096513 

10.222556 

12 

49 

9.777613 

9-903392 

9.874220 

10.125780 

10.096608 

10.222387 

11 

J2 
5' 

9.777781 
9-777950 

9  903298 
9.903203 

9.874484 
9-874747 

10.125516 

10.096702 

10.222219 

10 

to.125253 

10.096797 

10.222050 

9 

52 

9.778119 

9.903108 

9.875010 

10.124990 

10.096892 

10.221881 

8 

53 

9.778287 

9.903014 

9-875273 

10.124727 

10.096986 

10,221713 

7 

54 

9-778455 

9.902919 

9-87553^ 

10.124464 

10.097081 

10221545 

6 

55 

9778624 

9.902824 

9.875800  10.124200 

10.097176 

10.221376 

5 

56 

9-778792 

9-902729 

4.8-6063110.123937 

to.097271 

I0.22I20i) 

4 

57 

9.778960 

9.902634 

9.876326 

10.123674 

10.097366 

10.221040 

3 

58 

9-779128 

9.902539 

9.876589 

10.123411 

10.097461 

10  220872 

2 

59 

9.779295 

9.902444 

9.876851 

10.123149 

10.097556 

10.220705 

I 

6r- 

M 

9  779463 

9.902349 

a.877'14 

10.122886 

10.097651 

10.220537 

0 

M 

Co-sine.   Sine.  ' Co-tang-. '  Tang- 

Co-s' c   Secant 

^3  Degrees. 


LOGARITHMIC  SINES,  TANGENTS,  AHfD  SECAlSTS.   1^5 


37  Degrees. 


Sine. 


9-779463 
9.779631 
9.779798 
9.779966 
9.780133 
9.780300 
9.780467 
9.780634 
9.780801 
9.780968 
9.781134 


Co-sine. 

9.902349 
9.902253 
9.902158 
9.902063 
9.901967 
9.901872 
9.901776 
9.901681 
9.901585 
9.901490 
9901394 


J[an^ 

9.877114 

9-877377 
9.877640 

9877903 
9.878165 
9.878428 
9.878691 


Co-tang. 


10.122886 
10.122623 
10.122360 
10.122097 
10.121835 
10.121572 
10.121309 
9.878953^10.121047 
9  8792161 10.120784 
9.879478J  10.120522 
9,8797411 10.120259 


781301  9.90129819. 880003J  'O.I  t9997 
219.781468  9. 90120219. 8802*65;  lo.i  19735 
13  9.78163419  901106:9.8805281 10.119472 
9.78 1 800 19,9010 10;  9.880790'  10.119210 
9.78196619.90091419.881052110.118948 
9.782132  9.9008 18| 9.88 13 14. 10. 1 18686 
9.782298  9.900722;  9. 881576,  lo.i  18424I  10.099278 
9.782464'9.90o626;  9.88 18^9: 10.118161  [10.099374 


14 
15 
16 

17 
18 

1919.78263019,900529  9. 
2o|9-782796|9. 900433. 9. 


Secant. 

10.097651 

10.097747 
10.097842 
10.097937 
10,098033 
10  098128 
10.098224 
10,098319 
10.098415 
10.O98510 
10.098606 

10.098702 
10,098798 
10,098894 
10.098990 
10,099086 
10.099182 


Co-sec. 


i2I0I'I0.1  17899 
12363    10.117637 


21  {9.782961 1  9.900337,  9.882625    10.117375 


2219,78312 

23i9783292 
2419-783458 
2519-783623 
26  9-783788 


-.J 


9-783953 


28  9-78411 

29  9-784282 

30  9.784447 

31  9.784612 

32  9-784776 
3  3]  9- 7  8494 1 


9.900240:9,882887^  10.117113 
9.90014419,883148^10.116852 
9,90004719  8834io'io.ii6590 
9.89995119.883672J10. 116328 
9.89985419.883934,  lo.i  16066 
9,89975719.884196110.115804 
9.899660  9.8844571  lo.i  15543 
9.899564; 9.8847 19  lo.i  15281 
9.899467,9.884980  10.115020 
9.89937019,885242 


34 
35 
36 
37 
38 
39 
_42 

41 

42 

43 
44 
45 
46 

47 
48 
49 

JO 

51 

52 
53 
54 
55 
56 
57 
58 
59 


9.785105 


9.89927319,885503 
19.899176,9.885765 


9.89907819.886026 
9.785269  9.89898119.886288 
9.785433  9.898884I9.886549 
9-785597  9.898787J9.886810 
9.785761  9.898689I9.887072 
9.785925  9-898592i9-887333 
.786089  9.898494I9.887594 

9.786252 


9.786416 
9.786579 
9.786742 
786906 
787069 
9,787232 
9-787395 
9-787557 
9.787720 

9-787883 
9.78S054 
9.788208 
9.788370 
9,788532 
9-788694 
9,788856 
9.789018 
9.789180 
6oi9_789342 

M  tCo 


9.898397  9.887855 

9,898299  9.888116 

9,898202  9.888377 
9,898104  9.888639 
9.898006  9.888900 


9,897908 
g. 897810 
9,897712 
9.897614 
9-897516 
9,897418 
9.897320 
9.897222 
9.897123 
9.897025 
9,896926 
9.896828 
9,896729 
9.896631 
9896532 
Sine. 


9.889160 
9.889421 
9.889682 
9,889943 
9,890204 

9,890465 
9,890725 
9.890986 
9,891247 
9-891507 
9.891768 
9.892028 
9,892289 
9.892549 
9.892810 
Co-tang 


10.114758 
10.114497 
10.114235 
10  113974 
10.113712 
10. 1 1 345 1 
10.113190 
10.112928 
10,112667 
10.112406 


10.0994- 1 


10.218699 
10.218532 
10,218366 
10.218200 
10,218034 
10,217868 
10,217702 
10.217536 
10.2173 


[0,099567110,217204 


10,099663 
10.099760 
10.099856 
10.099953 
10.100049 
10.100146 
10.100243 
10,100-540 
10,100436 
10.100533 


10.112145 
10.111884 
10.111623 
10.111361 
10.111100 
10.110840 
10.110579 
10, 1 103 18 
10.110057 
10,109796 


10. 109535 
10.109275 
10.109014 
10.108753 
10.108493 
10.108232 
10.107972 
10,107711 
10.107451 
10.107190 


10.100630 
10.100727 
10.100824 
10. 100922 
10,101019 
10,101116 
10,101213 
10.1C131 1 
10.401408 
10.101506 


10.217039 
10.216873 
10.216708 
10.216542 
10.216377 
10.216212 
10.216047 
10.215882 
10.215718 
10.215553 


Tang. 


10.101603 
10.101701 
10,101798 
10.101896 
10.101994 
10,102092 
10,102190 
10,102288 
10.102386 
10,102484 

10.102582 

10.102680 

10,102778 

10.102877 

10.102975 

10.103074 

10.103172 

10.10327 

10.103369 

10.103468 

Co-sec 


10,215388 
10.215224 
10.215059 
10.214895 
10.214731 
10.214567 
10.214403 
10.214239 
10.214075 
10.213911 


10.213748 
10.213584 
10.213421 
10.213258 
10.213094 
10.212931 
10.212768 
10,212605 
10.212443 
10,212280 


10.212117 
10.211955 
10.211792 
10.211630 
10.211468 
10.211306 
10,211144 
10,210982 
10.210828 
10.210650 


19 
18 

17 
16 

15 

14 
13 

12 
II 
10 


Secant  i  m 


)2  D?oTe?.'?, 
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3S 

Degrees. 

M 

Sine. 

Co-sine. 

.Tanff. 

1  CfKung. 

Secant. 

Co-sec. 
10.210658 

~6o*" 

O 

9.789342 

9.896532 

9.892810 

10.107190 

10.103468 

1 

9.789504 

9.896433 

9.893070 

10  106930 

10.103567 

10.210496 

59 

2 

9.789665 

9.896335 

9-893331 

10.106669 

10.103665 

10.210335 

58 

3 

9.789827 

9.896236 

9  89359' 

10.106409 

10.103764 

10  210173 

57 

4 

9.789988 

9.896137 

9:893851 

10. 106149 

10.103863 

10.210012 

56 

5 

9  790149 

9.896038 

9.894111 

10.105889 

10.103962 

10.209851 

55 

6 

9.790310 

9.895939 

9.894371 

10.105629 

10.104061 

10.209690 

54 

7 

9.790471 

9,895840 

9  894632 

10.105368 

10.104160]  10.209529 

53 

8 

9.790632 

9.89574' 

9.894892 

10.105108 

10.1042591 10.209368 

52 

9 

9.790793 

9.895641 

9.895152 

10.104848 

10. 104359;  10.209207 

5' 

10 

9^790954 
9.791115 

9.895542 

9895412 
9.895672 

10.104588 

10  104458 
10.104557 

10.209046 

50 
49 

9-895443 

10.104328 

10.208885 

12 

9.791275 

9-895343 

9.895932 

10  104068 

10.104657;  10.208725 

48 

13 

9.791436 

9.895244 

9.896192 

10.103808 

10.1047561 10.208564 

47 

H 

9.791596 

9.895145 

9.896452 

10.103548 

10.104855  10.208404 

46 

15 

9-791757 

9.895045 

9.896712 

10.103288 

10.104955  10.208243 

45 

16 

9.791917 

9.894945 

9.896971 

10.103029 

10.105055  10.208083 

44 

»7 

9.792077 

9.894846  9.897231 

10.102769 

10.105154  10.207923 

43 

18 

9.792237 

9.894746  9.897491 

10.102509 

10.105254' 10.207763 

42 

'9 

9-79^397 

9.894646:9.897751 

10.102249 

10.105354J  10  207603 

4' 

20 
21 

9-79:^557 
9.792716 

9894546 
9.894446 

9.898010 

10.101990 

10.105454 

10.207443 

40 

9  898270 

10.101730 

10.105554 

10.207284 

39 

22 

9.792876 

9-89434f^;9-898530 

10.101470 

10.105654 

IQ.2O7  '24 

38 

23 

9--93035 

9.894246I9. 898789 

10.101211 

10.105754 

10.206965 

37 

24 

9-793 '95 

9.894146 

9.899049 

10.100951 

10.105854 

10.206805 

36 

25 

9-793354 

9.894046 

9.899308 

10.100692 

10.105954 

10.206646 

35 

26 

9-7935'4 

9.893946 

9.899568 

10.100432 

10.106054 

10.206486 

34 

27 

9-793675 

9.893846 

9899827 

10.100173 

10  106154 

10.206327 

33 

28 

9-793832 

9-893745 

9.900086 

10.099914 

10  106255 

10.206168 

32 

29 

9-793991 

9.893645 

9.900346 

10.099654 

10.106355 

10  206009 

31 

30_ 
31 

9.794150 
9  794308 

9.893544 
9.893444 

9.900605 
9.900864 

10099395 

10.106456 

10.205850 

30 

10.099136 

10.106556 

10.205692 

i9 

3^ 

9.794467 

989-3343 

9.901 1 24 

10.098876 

10.106657 

10.205533 

28 

33 

9.794626 

9.893243 

9.901383 

10.098617 

10.106757 

10.205374 

27 

34 

9.794784 

9.893142 

9.901642 

10.098358 

10.106858 

10.205216 

26 

35 

9.794942 

9.S93041 

9.901901 

10.098099 

10.106959 

10.205058 

25 

36 

9-795101 

9.892940 

9.902160 

10.09.7840 

10.107060 

10.204899 

24 

37 

9.795259 

9-892839 

9.902419 

10.097581 

10.107161 

10.204741 

23 

38 

9-7954'7 

9.892739 

9902679 

XO.097321 

10.107261 

10.204583 

22 

39 

9  795575 

9.892638 

9.902938 

10.097062 

10.107362 

10.204425 

21 

40 

9-795733 

9.892536 

9-903197 

10.096803 

10.107464 

10.204267 

20 

41 

9.795891 

9-892435 

9-903455 

10.096545 

10.107565 

10  204109 

19 

42 

9.796049 

9.892334 

9903714 

10.096286 

10.107666 

10.203951 

18 

43 

9.796206 

9.892233 

9.903973 

10  096027 

10.107767 

10.203794 

'7 

44 

9.796364 

9.892132 

9-904232 

10.095768 

10.107868 

10.203636 

16 

45 

9.796521 

9.892030 

9.994491 

10.095509 

10.107970 

10.203479 

'5 

46 

9.796679 

9.891929 

9.904750 

10.095250 

10.108071 

IC.203321 

'4 

47 

9796836 

9  891827 

9.905008 

10.094992 

10.108173 

10.203164 

'3 

48 

9.796993 

9.891726 

9.905267 

10.094733 

10.108274 

10.203007 

12 

49 

9-797150 

9.891624 

9.905526 

10.094474 

10.108376 

10.202850 

II 

9-797307 
9-797464 

9^89^1^522 

9.905784 

10.(394216 
10.093957 

10.108477 
10.108579 

10.202693 

10 
9 

9.891421 

9.906043 

10.202536 

5i 

9.797621 

9.891319 

9.906302 

10.093698 

io.ro868i 

10.202379 

8 

53 

9.797777 

9.891217 

9.906560 

10.093440 

10.108783 

10.202223 

7 

54 

9-797934 

9.891115 

9.906819 

10  093181 

10.108885 

10.202066 

6 

55 

9.798091 

9.891013 

9.907077 

10.092923 

10  108987 

10.201909 

5 

56 

9.798247 

9.89091 1 

9.907336 

10.092664 

10.109089 

10.201753 

4 

57 

9.798403 

9.890809 

9.907594 

10.092.106 

10.109191 

10.201597 

3 

58 

9.798560 

9.890707 

9907852 

10.092148 

10.109293 

10.201440 

2 

59 

9.798716 

9.890605 

9.9081  J  I 

10.091889 

10.109395 

10.201284 

I 

60 

9.798872 

9.890503 

9-908369 

10.091631 

10.109497 

10.201 128 

0 

M 

Co-sine. 

Sine. 

Co-tang. 

Tung. 

Co-sec.   Secant.  | 

M 

ol  Degrees. 
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39 

Degrees. 

M 

0 

sine. 

Co-sine 

Tang.  Co-tang-. 

Secant.   Co-sec.  1  m  \ 

9.798872 

9  8905OJ 

9.908369 

10.091631 

10  1C9497  10.201 128 

60 

I 

9.799028 

9  89040c 

9.908628 

10.091372 

10.109600  10.200972 

59 

2 

9.799184 

9.890*98 

9908886 

10.091 1 14 

10.109702  10200816 

58 

3 

9-799339 

9.890195 

9. 909 1 44 

10.090856 

10  109805  10.200661 

57 

4 

9-799495 

9  890093 

9.909402 

10.090598 

10.109907  10.200505 

56 

5 

9.799651 

9.889990 

9.9O9660 

10.090340 

lo.iiooic  10  200349 

55 

6 

9.799806 

9  889888 

9  90991^ 

10.090082 

10  110112  10.200194 

54 

7 

9.799962 

9889785 

9  9'0i77 

10.089823 

10.110215,10.200038 

53 

8 

9.8001 1 7 

9  889682 

9.910435 

10.089565 

10.110318  10.199883 

52 

9 

9.800272 

9.889579 

9.910693 

10  089307 

10.110421  10.199728 

51 

10 

II 

9.800427 
9.800582 

9-889477 

9.910951 

10.089049 

10.110523J10.199573 
10.110626  10.199418 

49 

9.889374 

9.9 1 1209 

10.088791 

12 

9.800737 

9.889271 

9  91*467 

10.088533 

10.110729  10.199263 

48 

13 

9  800892 

9.889168 

9.911724 

10,088276 

10  110832  10.199108 

47 

H 

9^01047 

9.889064 

9.911982 

10.088018 

10.110936 

10.198953 

46 

M 

9.801201 

9  888961 

9.912240 

10.087760 

10.111039 

|io.  198799 

45 

i6 

9.801356 

9.888858 

9.912498 

10.087502 

10.111142 

'10.198644 

44 

17 

9  801511 

9.888755 

9.912756 

10.087244 

10.111245 

10  198489 

43 

i8 

9.801665 

9.888651 

9.913014 

10.086986 

10.111349  10.198335 

42 

^9 

9.801819 

9.888548 

9.913271 

10.086729 

io.iii452'io.r98i8i 

41 

20 

9  801973 

9.888444 

9.913529 

10.0864-71 

10.111556110.198027 

40 

21 

9.802128 

9-888341 

9.913787 

10,086213 

io.iii659;io.i97872 

39 

22 

9.802282 

9  888237 

9.914044 

10.085956 

10.111763110.197718 

38 

23 

9  802436 

9.888134 

9914302 

10.085698 

10.11 1866  10.197564 

37 

24 

9.802589 

9.888030 

9914560 

10.085440 

10.111970I10.19741 1 

36 

25 

9.802743 

9.887926 

9914817 

10  085183 

10.112074:10.197257 

3  5 

26 

9.802897 

9.887822 

9.915075 

10.084925 

10.112178-10.197103 

34 

27 

9  803050 

9887718 

9915332 

10.CS4668 

10.112282 

10.196950 

33 

28 

9.803204 

9.887614 

9.915590 

10.084410 

10  112386 

10  196796 

32 

29 

9-803357 

9.887510 

9915847 

10  084153 

10  1 12490 

10.196643 

31 

30 

9-8035  »t 

9  887406 

9.916104 

10.083896 

iai_i2s_94 

10.196489 

30 

31 

9.803664 

9.887302 

9.916362 

10  083638 

10.112698 

10.196336 

29 

32 

9-80i8i7 

9.887198 

9  916619 

10.08^381 

10.112802 

10  196183 

28 

23 

9.803970 

9.887093 

9.916877 

10. 083123 

10.112907 

10.196030 

27 

34 

9.804123 

9.886989 

9-917134 

10.082866 

10. 11301 1 

10.195877 

26 

35 

9.804276 

9.886885 

9.91739' 

10.082609 

lO.I  131 15 

10.195724 

25 

36 

9.804428 

9.886780 

9  917648 

10.082352 

10.113220 

ro.195572 

24 

37 

9.804581 

9886676 

9.917905 

10.082095 

10.113324 

10.195419 

23 

3« 

9.804734 

9.886571 

9.918163 

10.081837 

10.113429 

10.195266 

22 

39 

9.804886 

9.886466 

9.918420 

10.081580 

10.113534 

10.195114 

21 

40_ 
41 

9.805039 
9.805191 

9  886362 
9.886257 

9.918677 
9.918934 

10.081323 

10.113638 

10.194961 

20 
19 

10.081066 

10  113743 

10  194809 

42 

9  805343 

9.886152 

9.9I9191 

10.080809 

10.113848 

10.194657 

18 

43 

9-805495 

9  886047 

9.919448 

10.080552 

10  113953 

10.194505 

17 

44 

9805647 

9.885942 

9.919705 

10.080295 

10.114058 

10.194353 

16 

4? 

9-805799 

9.885837 

9,919962 

10.080038 

10.114163 

10. 19420 1 

15 

46 

9.80595! 

9.885732 

9.926219 

10.079781 

10.114268 

10. 1 94049 

14 

47 

9.806103 

9.885627 

9920476 

10.079524 

10  114373 

1C.193897 

13 

48 

9.806254 

9  885522 

9920733 

10.079267 

10.114478 

10.193746 

12 

49 

9.806406 

9.885416 

9  920990 

10.079010 

10.114584 

10.193594 

11 

51 

9  806557 
9.806709 

9-885311 
9.885205 

9.921247 
9.921503 

10.078753 

10.1146  9 

10.193443 

10 
9 

10.078497 

10.114795 

10.193291 

52 

9.806860 

9.885100 

9.921760 

10.078240 

10. 1 14900 

10.193140 

8 

S3 

9.807011  9.884994 

9.922017 

10.077983 

10.115006 

10.192989 

7 

54 

9.807163  9.884889 

9.922274 

10.077726 

10.115111 

10.192837 

6 

55 

9.807314  9  884783  9-922530! 

10.077470 

10115217 

10.192686 

5 

56 

9.807465  9  884677 

9.922787 

10.077213 

10.115323 

10.192535 

4 

57 

9.807615  9.884572 

9.923044 

10.076956 

10.115428 

10.192385 

3 

58 

9.807766  9.884466 

9923300 

10.076700 

10.115534 

10.192234 

2 

59 

9.807917 

J.884360 

3.923557 

10.076443 

10.115640 

10.192083 

I 

^ 

9.808067  ( 

).884254'9  923813! 

10.076187 

i0.ii5746{io..9i933| 

0 

irl 

Uo-sine   Sine.  Ujo-tang-.  j 

Tung. 

Co -sec  i  Secar.t.  ' 

^\ 

)0  Degrees, 
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40  Deerees. 


Co-sine. 
9  884254 


9T808067 
9.808218 
9.808368 
y.808519 
9.80^669 
9.80^819 
9  808969 
9.8091 19 
9  809269  9.883404 

9  ^0941919-883297 
9.809J69I9  883  191 

ii9  8097  !8it^b83o84 
'9.88297.7 
9.882871 


9  884148 
9.884042 
9883936 
9.883829 
9,883723 
9.883617 
9  8835JO 


I2t9  809868 
1319.810017 
1419.810167 
! 5'9  8103 i6 
J  6  9.8  10465 
17:9.810614 
1819.810763 
19)9.810912 
-»0;9.8f  106 1 

21  -9.81  I  210 
22J9.811358 
23  9.8115O7 
2419.811655 

25I9  811804 
of, 


26J9.81  1952 
2-19.812100 

28!9.8i2248 
2919.812396 
.30  9  81  2544 

31  9.812692 

32  9.812840 
^3   9-812988 

34  9-8I3J-35 

35  9  813283 

36  9.813430 

37  9-813578 

38  9.813725 

39  9-813872 

40  9.814019 

41  9.814166 

42  9.814313 

43  9.814460 

44  9  8 14607 

45  9-814753 

46  9.8i490o'9  879311 

47  9.815046  9.879202 
4819.81519319  879093 
49l9-8i5339J9  878984 
50J9SI5485J9.873J75 
5119.81563219878766 


9. 8^2764 
9  88^657 
9.S82550 
9  882443 
9.882336 
9.882229 
9.882121 

9.882014 
9.881907 
9.881799 
9.881692 
9.881584 
9.881477 
9.881369 
9.881261 
9.881153 
9 


881046 

880938 
9.880830 
9  880722 
9.880613 
9.880505 
9.880397 
9.880289 
9. 880180 
9.880072 
9879963 
9879855 
9.879746 

9  879637 

9.879529 

879420 


5219815778 

53|9-8i5924 
5419.816069 

55  9-816215 


9.816361 

9.8 16507  j9 
9.816652  9 
9.81679819 
9.816943J9 

Co-sim^. ' 


9  878656 
9.878547 
878438 
878328 
878219 
878109 
877999 
877890 
877780 
Sine. 


♦ang. 

9.923813 
9  924070 
9.924327 
9  924583 
9.924840 
9.925096 

9-925352 
9.925609 
9.925865 
9  926122 
9-926378 
9.926634 
9.926890 
9.927147 
9.927403 
9.927659 
9.927915 
9.928171 
9  9^8427 
9.97.8683 
9928940 
9.929196 
9.929452 
9929708 
9.929964 
9.930220 

9-930475 
9-930731 

930987 
9-931243 

9931499 

9.931755 
9.932010 
9.932266 
9-932522 
9.932778 
9-933033 
9.933289 

9-933545 
9933800 

9934056 

9.9343>i 
9-934567 
9.934823 
9  935078 
9-935333 
9-935589 
9-935844 
9.936100 

9-936355 
936610 

9.936866 
9.937121 
9-937376 
9.937632 
9.937887 
9.938142 
9.938398 
9.938653 
9.938908 
9.939163 
Co-tantr. 


Co-tan<r 


10.076187 
10075930 
10.075673 
10075417 
10.075 160 
10.074904 
10  074648 
10.074391 
10.0741 3  <; 
10.073878 
10  073622 


10.073366 

10.0731 10 

10.072853 

10072597 

10.072341 

10.Q72085 

10.071829 

10071573 

10. 07131 

10.071060 

10.070804 
10.070548 
10.070292 
10.070036 
10.069780 
10.069525 
10.069269 
10.069013 
10.068757 
10.068501 


Secani^ 

10.115746 
10.115852 
10.1 15958 
10.116064 
10. 1 16171 
10  116277 
10.116383 
10  1 1 6490 
10. 1 16596 
10.116703 
10.116809 


10.068245 
10067990 
10.067734 
10067478 
10.067222 
10066967 
10.066711 
10.066455 
10.066200 
10.065944 

10.065689 
10.065433 
10.065177 
10.064922 
10.064667 
10.06441 1 
10  064156 
10.063900 
10.063645 
10.063390 

10.063134 
10.062879 
10. 062624 
10.062368 
10.0621 13 
10.061858 
10.061602 
io.o6i;^47 
10.061092 
10.060837 


Tang. 


lO.I  16916 

10.117023 

lai  17129 

iaii7236 

10.117343 

10.117450 

10.117557 

10. 1 17664 

10.11777 

10.117879^ 


10  117986 
lO.I  18C93 
10.118201 
10. 1 18308 
10.118416 
10.118523 
10.118631 
10.118739 
10  1 18847 
10.118954 


10.119062 
10.119170 
10.11927 
ro.119387 

fo.  1 19495 
10.119603 

10. 1 1 97 1 1 
10.119820 
10.119928 

10.120037 


Co-sec. 


10.191933 
ro.  19178^2 
10.191632 
10.191481 
10.191331 
10  191181 
10  19103 1 
10.190881 
10  190731 
10. 19O581 
10  1 9043 1 

10.  IQO282 
10.190132 
10.189983 
10.189833 
10.189684 
10.189535 
10.189386 
10.189237 
10.189088 
10.188939 

10.188790 
10.188642 
10.188493 
10.188345 
10.188196 
10.188c  " 
10.187900 
10.187752 
10.187604 
10.187456 


60 
59 
58 
57 
56 
55 
54 
53 
52 
5' 
50 


10.120145 
10.120254 
10.120363 
10. 1 2047 1 
10.120580 
10.120689 
10.120798 
10.120907 
10,121016 
10.121125 


10.121234 
10.121344 
10.121453 
10.121562 
10.121672 
10.121781 
10  121891 
10.122001 
10.1221 10 
10.122220 


Co-sec. 


10.18730S 

10.187160 

10.1870 

10.186865 

10.186717 

iOr,86570 

10.186422 

10.186275 

10.186128 

10.1S5981 

10.185834 
10.185687 
10.185540 
10.185393 
10.185247 
10.185100 
10.184954 
10.184807 
10.184661 
10,184515 


10  184.368 
10.184222 
10.184076 
10.183931 
10.183785 
10.183639 
10  183493 
10.183348 
10.183202 
10.183057 

Secant. 


29 

28 

27 
26 

?-5 

24 

23 
22 
21 
20 


49  Dejrrees. 
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41    Desfrees. 


M 

0 

Sine.   Co-sine.;  Tang.  ,  Co-tan.^.   Secant.  ,  Co-sec 

I   M 

, 

9.816943  9-877780  9,939'63 

10.060837  10. 1  2  2220:  10.  183057 

60 

-I 

9.817088  9.877670  9-9394'8 

10.06058210.122330  IO.182912 

59 

2 

9.817233  9877560  9-939673 

10.060327  ,  10.122440  10.  .82767  1  58 

3 

9-81-379  9  8774S0i9-939928 

10.060072  10.122550!  10.182621 

57 

4 

9.817524  9  8773409  940183 

io.0598i7;io.i2266o 

10.182476 

5^ 

5 

9.817668  9-877230;9'940438 

10.059562^10-122770 

:10.1823J2 

55 

6 

9.817813  9  877i20i9-94o694 

10.059306  10.122880 

110.182J87 

54 

7 

9.817958  9.87701019.940949 

10  05905I:  10  122990 

'  10,182042 

53 

8 

9.818103  9.876899(9. 941204 

10.058796 

10.123101 

;10,l8l897 

52 

9 

9.818247  9.876789 

•9  941458 

j  10.058542 

10.123211 

;io.i8i753 

51 

10 

9.818392^9.876678 

i9-94i7i4 

1 10.058286 

10.123322 

;10.l8l6o8 

S« 

II 

9.818536  9.876568 

9  941968 

[10.05^032 

_  10. 123432 

|I0.  181464 

+9 

12 

9  818681  9.876457 

9  942223 

10057777 

,'0  123543 

•  10.1813:9 

48 

,3 

9.818825:9.876347 

9.942478 

1005752^ 

110.123653 

10.181 175 

47 

H 

9  8189699. 876236 

9-942733 

10.057267 

10.123764 

10.181031 

46 

IS 

9.819113 

9.876125 

9.942988 

10.057012 

10.123875 

10.180887 

45 

i6 

9  819257 

.9.876014 

9-^43243 

10.056757 

10  123986 

10.180743 

44 

■i? 

98.9401 

9.^75904 

9  943498 

10056502 

10.124096 

10.180599 

43 

1 8 

9.819545 

9-875793 

9.943752 

10.056248 

10.124207 

10. 1804s  5 

42 

*9 

9  819689 

9.875682 

9.944007 

10055993 

10.124318 

10.180311 

41 

20 

9.819832 

9-87S57I 

9  944262 

10.055738 

10.124429 

10.180168 

40 

21' 

9.819976 

9-875459 

9.944517 

10.055483 

10.124541 

10. '80024 

39 

22 

-9.820120 

9.87534H 

^r94477i 

10  Q5 5229 

10.124652 

10  179880 

38 

23.9.820263 

.9-875237 

9.945026 

10054974 

10.124763 

10.179737 

37 

24^9.820406 

.9  875126 

9  945281 

10  0547 19 

10.124874 

10.179594 

36 

25  9.820550 

9.875014 

9-945535 

10.054465 

10. 124986 

10.179450 

3S 

26:9.820693 

9.874903 

9.945790 

10.C54210 

10.125097 

10.179^07 

34 

27J9  €20836 

9874791 

9-946045 

'O.053955 

10  125209 

10,179164 

33 

28J9.82O979 

9.874680 

9- 946299 

10.053701 

10.125320 

10.179021 

32 

29;9.82II22 

9.874568 

9.946554 

10.05344b 

10.125432 

10.178878 

3t 

309  821265 
31  9821407 

9  874456 

9.946.808 
9.947063 

10.053192 

10.125544 

10.1256^6 

to.178735 
10.178593 

29' 

9-874344 

10.052937 

329.821550 

9  874232 

9.947.3 1 8- 

10.052682 

10.125768 

10.178450 

28 

33,9.821693 

9874121 

9-947572 

10.052428 

10.125879 

10.178307 

27 

349.8218,35 

9.874009 

9.947826 

10.052174 

10.125991 

10.178165 

x6 

J  5. 9. 82  .97  7 

9.873896 

9.948081 

10.05 19 19 

10.126104 

10.178023 

25 

36  9.822120 

9-87-3784 

9-948336 

10.051664 

(0.1262I6 

10.177880 

2.'r 

37  9  822262 

9:87.3672 

9.948590 

10.051410 

10.126328 

.0.177738 

23 

38  9  822404 

9.873560 

9.948844 

10051156 

10.126440 

10.177596 

22 

39  9.822546 

9.873448 

9,949099 

10.050901 

10.126552 

10.177454 

2!  . 

40  9  822688. 9  873335 

9  949353 

10050647 

fO.  126665 

10.J77312 

20 

41  9.82283o'9.873223 

9.949607 

•  0.050393 

10  126777 

10.J77170 

i9 

42  9  822972I9  873110 

9.949862 

10.050138 

IQ.  126890 

.0  :77028 

.8 

43  9.823114:9.872998 

g.9501 16 

10049884 

10.127002 

10.176886 

17: 

44.9.82325S;9.S72885 

9.950370 

10.049630 

IO.127115 

10.176745 

.6 

45  9  823397  9.872772 

9.950625 

10049375 

10.127228 

10  176603 

15 

4698235399.872659 

9.950879 

10.049121 

10.127341 

10.176461 

14 

47  9-823680  9  872547 

9-95"33 

10.048867 

10.127453 

10.176320! 

'3 

48,9.823821  9872434 

9.9513S8 

10  048612 

10.127566; 

10.576179; 

12 

499.823963  9-872321 

9.951642 

10.048358 

10.127679! 

10.176037, 

II 

50  9.824104  9.87220"^ 

9.951896 

10.048104 

IO.I27792J 

10,175896; 

10 

51  9.824245  9-872095 

9.952.50 

10.047850 

10.127905: 

'O.175755, 

9 

52  9.824386  9.871981 

9.952405 

10.047595 

10  128019. 

10.1756.4;    8: 

53  9-824527  9-871868 

9.952659 

10.047341 

10.128132) 

10.175473  •  7 

549.824668987175s; 

9-9529'3 

10.047087 

10  128245^ 

10.175332!  6 

55  9.824808  9-87i64i» 

9-953'67 

10. 046833 

10.128359; 

10.175192   S 

56  9.824949  9-871528! 

9953421 

10.C46579 

fo.128472. 

10.175051   4- 

57  9.825090  9-87 14!4' 

9-953675 

10.046325 

10  128586; 

10.(74910   3 

58  9825230  9-8713OX' 

9951929  10.O46071 

10.128699110.174770    2 

59  9  825371  9-871187: 

9.954i83;i0.O458i7 

io.i288i3i  10.174629'   I 

60  9.825511  9-871073  9-954437:'iO-045563! 

i0.i28a27'io. 174489   0 

M  Co-sine.   Sine.  Co-tall.^•    I'  ■  .?  '  Co-sec   Sec^^ni.    m[ 

48  Degreeg, 


68      LOGARITHMIC  SINE^,  TANGENTS,  AND  SECANTS* 


42 

Degrees. 

M  i  Sine. 

Co-sine. 
9  87  JO'/ 3 

Tanff. 

C  o-tang 

Secant. 

Co-sec    M  1 

0  ,9.8255" 

9954437 

10.045563 

10.128927 

10.174489 

60 

I  9.825651 

9.870960 

9.954691 

10.045309 

10.129040 

10  174349 

59 

2  19.825791 

9.870846 

9  954945 

10045055 

10.129154 

10.174209 

S8 

3  '9-8-5931 

9.870732 

9.955200 

10  044800 

10.129268 

10.174069 

57 

4  .9.826071 

9.870618 

9955454 

10.044546 

10.129382 

10.173929 

56 

5  19. 82621119. 870504 

9955707 

10.044293 

10. 129496 

10  173789 

55 

6  9.826351 19.870390 

9.955961 

10.044039 

10  129610 

10.173649 

54 

7  '9.8-6491  9.870276 

9.956215 

10.043785 

10.129724 

10.173509 

53 

8  9.826631  9.870161 

9.956469 

10,043531 

10.129839 

10.173369 

52 

9  9.826770  9.870047 

9.956723 

10.043277 

10.129953 

10.173230 

5» 

10  9.816910  9.869933 

11  9.8270499869818 

9.9,-6977 
9957251 

10.043023 

10. 130067 

10.173090 

50 
49 

10,042769 

10.130182 

10.172951 

12 

9.827189 

9.869704 

9957485 

10.042515 

10. 130296 

10.172811 

48 

>3 

9.827328 

9.869589 

9-957739 

10.042261 

10.130411 

10.172672 

47 

'4 

9.827467 

9.869474 

9-957993 

10.042007 

10. 130526 
10.130640 

10.172533 

46 

^5 

9.827606  9  869360 

9.958246 

10.041754 

10.172394 

45 

16 

9.82^74519.869245 

9.958500 

10.041500 

10.130755 

'10.172255 

44 

17  9.827884I9.869130 

9.958754 

10.041246 

10.130S70 

10.172116 

43 

18  9  828023I9. 869015 

9.959008 

I0.040i;92 

10.130985 

'10.171977 

42 

19  J9.828162I9.868900 

9.959262 

10.040738 

10. 13 1100 

10.171838 

4» 

20  19. 8283019 868785 

21  9.828439'9. 868670 

9.959516 
9.959769 

1.0040484 

10.131215 

10.171699 

40 
39 

10.040231 

10.131330 

10.17156J 

22  9.828578'9.868555 

9.960023 

10.039977 

10. 131445 

10.171422 

38 

23  19.828716  9.868440 

9.960277 

10.039723 

10.131560 

10.171284 

37 

24  '9.828855  9.868324 

9.960531 

10.039469 

10.131676  10.171145 

36 

25  I9. 828993  9. ^'•68209 

9  960784 

10.039216 

10. 131791  10.171007 

35 

26  9.829131,9.868093 

9.961038 

10.038962 

io.i3i907;io.i7o869 

34 

27  ,9.829269  9  867978 

9  961291 

10.038709 

10.132022!  10.170731 

23 

28  '9.829407  9  867862 

9  961545 

10.038455 

10.132138  10.170593 

32 

29  98295459.867747 

9961799 

10038201 

10.132253 

io.  170455 

3' 

30  9.829683  9.867631 

9.962052 

10.037948 

10.132369 

10.170317 

30 

31  ,9  829821  9.867515 

9962306 

10.037694.10.132485 

10.170179 

29 

32  '98299599.867399 

9  962560 

10037440 

10.132601 

10.170041 

28 

33  9.830097  9.867283 

9.962813 

10.037187 

10.132717 

10.169903 

27 

34  ^9  830234  9-867167 

9.963067 

10.036933 

10.132833 

lo  169766 

26 

35  ;9-830372:9-86705i 

9.963320 

10.036680  10. 132949 

10  169628 

25 

36  19.8305099.866935 

9-963574 

10.036426.10.133065 

10. 1 6949  I 

24 

37  9.830646  9.866819 

9.963827 

10.036173  I0.133I8I 

10.169354 

23 

38 

9.830784  9.866703 

9.964081 

10035919  10.133297 

10.169216 

22 

39 

9.830921  9.866586 

9.964335 

10.035665:10.133414 

10.169079 

21 

40^ 
41 

9  831058.9.866470 
9.831195  9866353 

9.964588 

10.035412  10.133530 

10.168942 

20 

9.964842 

10.035158 

10.133647 

10.168805 

19 

42 

9.831332  9.866237 

9965095 

10.034905 

•0.133763 

10.168668 

18 

43 

9.831469  9.866120 

9-965349 

10.034651 

10.133880 

10.168531 

17 

44 

9.831606  9866004 

9.965602 

10.034398 

10.133996 

10.168394 

16 

45 

9.83174219.865887 

9.965855 

10.034145 

•0.134113 

10.168258 

»5 

46 

9.8318799-865770 

9  966109 

10.033891 

10.134230 

10  I68I2I 

14 

47 

9.83201519865653 

9966362 

10.033638 

10.134347 

10.167985 

»3 

48 

9.832152  9.865536 

9.966616 

10.033384 

10.134464 

10.167848 

12 

49 

9.832288  9.865419 

9  966869 

10.033131 

10.134581 

10.167712 

II 

50_ 

9-832425 

9.865302 
9.865185 

9  967123 
9  967376 

10.032877 

10.134698 

10.167575 

10 
9 

5» 

9  832561 

10.032624 

10.134815 

10.167439 

52 

9.832697  9.865068 

9.967629 

10.032371 

10.134932 

10.167303 

8 

53 

9-83283319.864950 

9.967883 

10.0321 17  10. 135050 

10.167167 

7 

54 

9.832969I9.864833 

9.968136 

10.031864! 10.135167 

10.167031 

6 

55 

9.83310519.864716 

9968389 

10.03 16 1 1 

10.135284 

10.166895 

5 

56 

9.83324119.864598 

9.968643 

10.031357 

10.135402 

10  166759 

4 

57 

9-833377;9.86448i 

9968896 

10  031104 

10.T35519 

10.166623 

3 

58 

9.833512:9.864363 

9.969149 

10.030851 

10.135637 

10.166488 

2 

59 

9.833648  9.864245 

9.969403 

10.030597 

10.135755 

10.166352 

I 

60 

9-833783  9-864»27 

9.969656 

10.030344 

10.135873 

10.166217 
Secant 

0 

M 

M 

Co-sine. 

Sine. 

Co-tan^. 

Tang. 

Co-sec. 

47  degrees. 
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43  Degrees. 


o  9-83378319.864127 


Sine.    iCo-sine.  1    Tang. 


9-8339'9 
9.834054 

9'834'89 
9.834325 
9.834460 
9-834595 
9-834730 
9-834865 
9.834999 
9-83S'34 
9.835269 
9.835403 
9-835538 
9.835672 
9.835807 
9.835941 
9.836075 


9.864010 
9.863892 

9.863774 
9.863656! 
9.863538; 
9.863419 
9.863301 
9.863183! 
9.863064! 
9.8629461 
9.862827 
9.862709 
9.862590 
9.862471 
9.862353 
9.862234 
9.862115 
9.836209I9.861996 


,  836343 
9-836477 
9.83661 1 
9.836745 
9.836878 
2419.837012 
25I9.837146 
26  9.837279 


9.861877 
9.861758 


9.861638 
9.861519 
9.861400 
9.861280 
9.861161 
9.861041 
9.860922 
9.:^  60802 
9  860682 
9.860562 

9.860442 
9.860322 


9.969656 
9.969909 
9.970162 
9970416 
9.970669 
9.970922 
9.971175 
9.971429 
9.971682 

9-971935 
9.972188 

9.972441 
9.972694 
9  972948 
9  973201 
9-973454 
9-973707 
9.973960 
9.974213 
9.974466 
9.974719 


9.837412 

9.837546 

9.837679 

Q837812 

9.837945 
32:9.838078  ^ 

33:9.838aii!9.860202 
3419. 83834419  860082 
35;9-838477!9-859962 

36  9.838610I9.859842 

37  9.83874219.859721 
38:9.83887519  859601 
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9.990651 
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9-991914 

10.008086 

10.146510 

10.154595 

32 

29 

9-845533 

9.853366 
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10.006822 

10. 147 13 1 

10.153953 

27 

34 

9.846175 

9.852745 

9-993430 

10.006570 

10.147255 

10.153825 

26 

35 

9.846304 

9.852620 

9.993683 

10006317 

10.147380 

10.153696 

*5 

36 

9.846432 

9.852496 

9.993936 

10.006064 

10.147504 

10  153568 

24 

37 

9.846560 
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20 
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10.004801 

10.148128 

10.152929, 

9 

42 
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9.851747 

9.995452 

10004548 

1C.148253 
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43 

9.847327 

9.851622 
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10,004295 
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44 
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10.004043 
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45 

9.847582 
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9.996210 

10.003790 
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46 

9.847709 
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JO 
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10 

9.848345 
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9 
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10.002021 

10.149507 

1C.151528  8 
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9.849990 
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ro.150136 

10.150894  3 

58 
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9'999747 
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10.000000 

10.000000 
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TABLE.  III. 

Natural  Sines. 

In  this  table  the  natural  sines  are  exhibited  to  every  iJegree  and 
linute  of  the  quadrant,'and  arranged  so  that  the  degrees  correspond- 
ng  to  the  sines  are  to  be  taken  from  the  top  of  the  page  with  their 
fiinutes  in  the  left  side  columns,  and  the  degrees  answering  to  the  co- 
ines  from  the  bottom  with  their  minutes  in  the  right  side  columns. 

The  natural  sine  or  co-sine  of  any  number  of  degrees,  &c.  more 
ban  90,  is  the  same  as  the  natural  sine  or  co-sine  of  its  supplement, 
ound  by  subtracting  them  from  180°;  or  the  natural  sine  or  co-sine 
if  an  arch  greater  than  90^  b  the  natural  co-sine  or  sine  of  its  excess 
.bove  90'». 

Vo  find  the  natural  Sine  or  Co-sine  of  a  given  Number    of  Degrees^ 

Minutes^  and  Seconds  : 

5r,  to  find  the  degrees.  Minutes^  and  Seconds,  corresfionding  to  a  given 
natural  Sine  or  Co-sine. 

These  are  to  be  found  as  directed  for  the  logarithmic  sines,  &c.  ex- 
cept that  the  differences  to  10('''  are  to  be  taken  from  the  bottom  of 
,hat  column  containing  the  given  degrees  in  the  former  case,  or  the 
learest  natural  sine  or  co-sine  in  the  latter, 

EXAMPLE  I. 

flequired  the  natural  Sine  of  32Q  2 1'  45",  or  its  Supplement  147^  38'  15". 

The  natural  sine  of  32^  21'  is 535090 

The  difference  at  the  bottom  of  the  column  containing  thena-  ^ 
tural  sine  of  the  given  degrees  and  minutes  is    409,   this  (     ,     ^g^^ 
multiplied  by  45,  pointing  off  two  figures  in  the  product,  (   "*" 
is^-^  ------  ' 

Sum  is  the  natural  sine  required        -        -        -        -  535274. 

EXAMPLE  II, 

Required  the  natural  Co-sine  of  7lo  40'  25",  or  108^  19'  35". 

The  natural  co-sine  of  71^40' is 314545 

The  difference  460,  multiplied  by  25,  pointing  off  twofigures,  is  —1 15 

Remainder  is  the  natural  co-sine  required        »        ^        -        314430 

EXAMPLE  III. 

equired  the  Degrees,  Minutes,  and  Seconds,  answering  to  the  natu- 
ral Sine  495994. 

The  natural  sine  next  less  to  that  given  is  495964,  answering  te 
290  44' ;  the  difference  between  this  natural  sine  anci  the  given  one  is 
30,  to  which  two  cyphers  being  added,  and  that  divided  by  422,  the 
difference  at  the  bottom  of  the  column,  gives  the  quotient  7 "  to  be  an- 
bexed  to  29^  44^  Hence  29'  44'  7",  or  its  supplement  150°  15'  5  3  , 
iirethe  degrees,  £^c.  required-. 
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EXAMPLE   IV. 

Hequired  the  degrees,  Minutes,  and  Seconds,  answering  to  the  nat 
ral  Co-sine  368805. 

The  natural  Co-sine  next  greater  to  that  given  is  365936,  to  whi< 
answers  68^  21';  the  difference  between  this  natural  sine  and  the  give 
one  is  131,  to  which  two  cyphers  being  added,  and  that  divided  I 
451,  the  difference  found  at  the  bottom  of  the  column,  gives  the  qu< 
tient  29".  Hence  68o  21' 29",  or  its  supplement,  llio  38' 31"  are  th 
degrees,  &c.  required. 

Tojind  the  natural  versed  Sine  of  a  given  Number  of  Degrees y  Minute 

and  Seconds, 

If  the  given  arch  be  less  than  90o,  find  its  natural  co-sine,  whic 
subtract  from  lOooOOO,  and  the  remainder  will  be  the  natural  verse 
sine  required.  But  if  the  given  arch  exceed  90**,  find  the  natural  a 
sine  of  its  supplement,  which  add  to  lOOOOOO,  and  the  sum  will  h 
the  natural  versed  sine  required. 

EXAMPLE  I. 

Required  the  natural  versed  Sine  of  20°  39'. 
The  natural   co-sine  of  20«'   39' is  935752,  which   subtracted  fro: 
1000000,  leaves  064248,  the  natural  versed  sine  of  20©  39'. 

EXAMPLE  II. 

Required  the  natural  versed  Sine  of  146°  38'  40." 

The  natural  co-sine  of  33"  2 1'  20"  (the  supplement  of  1 46©  38'  40'' 

is  835274,  which  added  to  lOOOOOO,   the  sum    1835274  is  the  nature 

versed  sine  required. 

To  find  the  Degrees^  ^c.  corresfionding  to  a  given  natural  versed  Sim 

Take  the  difference  between  the  given  natural  versed  sine  an< 
lOOOOOO,  and  the  remainder  will  be  a  natural  co-sine  ;  the  degrees 
Sec.  corresponding  to  which,  will  be  those  required,  if  the  given  natui 
tal  versed  sine  be  less  than  lOOOOOO,  but  if  otherwise,  it  will  be  thei: 
supplement. 

EXAMPLE  I. 

Required  the  Degrees,  &c.  answering  to  the  natural  versed  sine  098965 

The  above  subtracted   from  lOOOOOO,  leaves  901035,  which  taken  a; 

a  natural  co-sine,  corresponds  to  25<^  42'  20''. 

EXAMPLE  II. 

Required  the  Degrees,  See. answcringtothenaturalversedSine  1160172' 
Here  lOOuOOO  subtracted  from  the  above,  leaves  160172,  which  ta- 
ken out  as  a  natural  co-sine,  corresponds  to  80"  46'  59'' j  therefore  itf 
supplement  99^  13'  1"  are  the  degrees;  &c.  required- 
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05524? 

055531 

055822 
0561 12 
056402 
056693 
056983 

057274 
057564 
057854 
.58145 


05843s 
0^8726 
059016 
O59306 

059597 
0^9887 

042748  06017 

043038 

043329 

043619 

043910 

04420 I 
044491 
044782 
045072 

045363 
045654 

045944 
046235 

046525 
046816 
047 106 
047397 
047688 
047978 
048269 
048559 
048850 
049140 


060468 
060758 
061049 
061339 
061629 
061920 
062210 
062500 
062791 
063081 
063371 
063661 
063952 


4°_ 
069756 

070047 
070337 
070627 
070917! 
071207! 

07149" 
071788 
072078 


072658 

07294S 
073238 
073528 
073818 

0-:4lc8 

074399 
074689 

074979 
075269 

075^5_9 

075849 
076139 
07642.9 
076719 
077009 
077299 
0775^9 
077879 
078169 
078459 
078749 
079039 
079329 
0796 1 9 
079909 
080199 
080489 
080779 
081069 
081359 

081649 
08)939 
082228 
082518 


064242 

064532 

064823 

06  5 1 1 3 

065403 '082808 

065693I083098 

065084J083388 

066274I083678 

0665641083968 

o6&854'o84258 

o67i45io>i4547 
067435I0S4837 


US' 


049721 
050012 
050302:0677251085 127 
050593  068015I085417 
050883  068306  085707 
051174:068596  085907 
051464:068886  086286 
05i755;o69i76  086576 
052045:069466,086066 
0523361069756  oS-- 1 56 

Natural 


087156 
087446 
087735 
088025 
08S315 
08860c 
088894 
089184 
o894-,-4 
089763 
0900 : 3 

090343 
O9O633 
0901^22 
0912  I  2 
O91502 
O91791 
O92081 
O92371 
092660 
092950 


093239 
093529 
093819 
094108 
O94398 
O94687 
004977 
095267 
095556 
095846 
096135 
096425 
096714 
097004 
097293 
097583 
09-^872 
098162 
098451 
098741 

O99030I 
O99320I 
099609 
099899 
100188 
100477 
100767 
101056 
101346 
101635 
101924 
102214 
102503 
102793 
103082 
10337 1 

103661 ! 
103950I 

104239 
104528 


04528' 

040 1 8| 
05 1 07 j 
05396! 
056861 

05975 
06264 
06553 
06843 
07132 
07421 


07710 
0799Q 
0S289 
08578 
08867 
09 1 56 
09445 

09^34 
0023 

0602 
0891 
1180 
146,9 
1758 
2047 

23?^' 
2625 
2914 

3J^ 

3492. 
3781 
4O70 

43  59 
4648 

4937 
5226 

55 '5 

5804 

^093 
0382 
6671 
6960 
7249 
7  537 
7826 
8ii5 

8404 
8693 
8982 


Co-sines. 


9270 

9  5  59 
9848 

0137 
20426 
20714 
21003 
21292 
21581 
21869 

8^' 


21869 
22158! 
22447: 

22735i 
23024! 

233'3i 
23601 ; 
23890! 
24179' 
24467 
24756 


25045 

25333 
25622 
25910 
26190 
2648S 
26776 
27065 

27353 
27642 


27930 
2!'i219 
28507 
28-06 
29084 

29373 
29661 

29949, 
30238, 
JO326; 

30bi5! 
31103 

3139I 

31680! 

31968' 

32256; 

32545 

32833I 

33>2ij 

23410; 

33698! 
339^6: 

34274' 
34563; 
34^5 'i 
351391 
35427! 
35716 
36004! 
26292 

3^  5  So 

36868 

37156 

37445 

37733 

.38021 

38309 

38597! 

3.8885! 

39173! 


39173 
39461 
39/49 
4CO37 

40325. 
40613 
40901: 
41 189 

4«477- 
41765 
4^53: 

42341; 
42629 

42917' 
43205 

43493 
43780 
44068 
443  56 
44644 
44932 


45220 
45507 
45795 
46083 

46371 
46659 
46946 

47234 
47522 
r4_7_809 

48097 
48385 
48672 
4S960 
49248 

49535 
149823 
50c  1 1 

5039^ 
50686 


50973 

51261 

5154S 

51836 

52123' 

52411I 

52698' 

52986I 

53-73J 

53561! 


53S48J 
54136! 
54423', 

54710! 

54998 j 
55  2''>5; 
55572J 
55860! 
561471 
56434'; 
8i°    I 


- 

56434  60 

56-22:59 

57009  58 

572961 

57584,56 

57871,55 

58158, 54 

58445I53 
58732.52 
59020J51 
5930-I50 

59594J49 
59881148 
tioi68i47 
60455  46 
60743:45 
.61030J44 
6  13  17  43 
61604  42 
61891  41 
.62178  40 

62465139 
62752!3S^ 
6303-.!  37 
63326-36 
63613135. 
63900I34 
64187I33 
64474;  3  2 
6476i'3i 
65048  30 

65334' 29 
65621128 
65908! 27 
66195  26 
56482I25 
66769 j 24 
^67056123 
67342  22 
6762912! 
6791^1120 


68203  1 19 
684S9J18 
68776' 
69063 j 16 

693 50I 

69636114 

699231.3 

70209  12 

70496 

70783! 


71069 
71356 
71643 
7  1929 
72216 
72502 
72789 

73075, 
73362! 

7^648  ■ 
8  ^" 


UifF.  to 

100* 


■««g">JH]Jl'iBl. 


4S5 

484 

484 

483    483 


4S2      481      4S0 


t78 


74 


NATURAL  SINES. 


I 

'  2 

3 
4 
5 
6 

7 
8 

9 

TO 
II 

'3 

'  + 

'S 
£6 

17 
i8 

•9 

zo 

21 

22 
23 

24 
2i 
26 
27 
28 
29 
30 

31 

32 

33 
34 
35 
36 

37 
38 
39 
40 

4' 
42 
43 
44 
5  5 
46 
47 
48 
49 
o 

I 
[52 
[53 
54 
55 
56 
57 
58 
59 
60 


10^ 
173648 

•73935 
J74221 
1745=28 

'74794 

1750^0 

175367 
'75^'53 
'7  5939 
176226 

176798 
17-085 
177371 
•77657 
'77^944 
178230 
178516 
178802 
179088 
'"9375 


179661 
'79947 
1S0233 
180519 
180805 
181091 
'81377 
181663 
1 8 1950 
182236 

1S2522 
182808 
183094 
'83379 
'83665 

•8395' 

1842^7 

'84523 
184809 
185095 


11" 

190801; 
191095 
191380 
1 9 1666 
191951 
192237 
192522 
192S07 
•9309J 
'9337S 
'93664 

•93949 
194234 
194520 
194805 
195090 
'95376 
195661 
195946 
196231 

'965'7 
196802 
197087 
197372 

'97657 
197942 
198228 

•98S'3 
198798 
199083 
199368 

'99653 
199938 
200223 
2  10508 
-00793 
201078 
201363 
201648 

201933 
202218 


185381 
185667 
185952 
186238 
186524I 
i863io 
187096} 
187^8 
187667 
'8-^953 
188238 
188524 
188810 
189095 
189381 
189667 
189952 
190238 
90523 
190809 


202502 
202787 
203072 

203357 
203642 
203927 
204211 
204496 
204781 
205065 

20;^ CO 


12° 

20791 2 
208196 
208481 
208765 
209050 

209334 
209619 
209903 
21018: 
210472 
210756 

21 1040. 

2113251' 
21 1609! 
211893 
212178J 
12462 
212746 
213030 
2' 33 '5 
2'3599 
213883 
214167 
214451 

2 '473 5 
21 5019 
215303 
215588 
215872 
216156 
216440 
216724 
217008 
217292 

217575 
217859 
218143 
218427 
218711 
218995! 
219279I 

219562 
219846 
220130 
220414 
220697 
220981 
221265 
221548 
221832 
221 16 


224951 

225234 

225518 

225801 

226085 

226368 

226651 

226935 

227218 

227501 

227784 

228068 

228351 

22S634 

228917 

229200 

229484 

22976 

2300^0 

230333 
230616 

230899 
23 1182 
231465 
231748 
232031 

232314 
232597 
23:1880 
233163 
233445 
233728 
23401 1 
234294 
234577 
234859 
235'42 
235425 
235708 
235990 
2J6273 


14^ 


n-  , 


17' 


205635 
205920 
206204 
206489 
206773 
207058 

2C7343 

207627 
207912 

73" 


222399 
222683 
222967 
223250 

223534 
223817 
224101 
224384 
224668 
2249^ 

77" 


236556 
236838 
237121 
237403 
237686 
237968 
23825, 


241922 
242204 
242486 
242769 
243051 

243333 
243615 

243897 
244179 
244461 
244743 
245025 
245307 
245589 
245871 
246153 
246435 
246717 

246999 
2472  b' 1 
247563 

247845 
248126 
248408 
248690 
248972 
249253 
249535 
249817 
250098 
250380 

250662 
250943 
251225 
51506 
51788 
252069 

25235' 
252632 
252914 
253195 


25.819 
259100 
259381 
259662 

259943 
260224 
260505 
260785 
261066 
261347 
261628 


275637 
2759'7 
276197 
276476 
276756 
277035 
2-3 '5 
277594 
277874 
278153 


18' 


19o 


2^/2372  309017  3*5568 
292650  309294  325843 
292928  309570  326118 
293206  309847  32639; 
293484  J10123  326668 
293762  310400^326943 
294040  3106761327218 

2943i8l5iOQ53;327493 
294596|3i-i229'3277t>8 
294874:3 'I  506  328042 


27843  2 ' 295  1  52 •  3  1 1 7  >^2'32_8^3J_7  f  5c 

26 1 yo8| 2787  1 2  295430:312059.328592149 
262 189! 27899 1 129570813 1 233 5  328867     ' 


262470 
262751 
26303 1 

2633i2 

263592 
26^873 


279270  29598613126III329141 
27955o'296264  3i2888i3294'6 


279829 
280108 
280388 
280667 


264154J280946 
264434  281225 

281504 
281783 
282062 


253477 
253758 
254039 
254321 
254602 
254883 
5S'65 


264715 
264O95 
265276 
265556 
265837 
2661  17 
266397 
266678 
266958 
267238 

267519 
267799 
268079 
268359 
268640 
68920 
2692CO 
269480 
269760 
270040 


2385331255446 


_88i6 
239098 

239381 
239663 
239946 
240228 
240510 

240793 
241075 

24'357 


255727 
256008 

256289 
256571 
256852 
257133 
2574'4 
257695 
257976 
258257 


241640  258538 
241922I258819 

Te^i  '7^ 


270320 
270600 
2-0880 
271 160 
271440 
271720 
272000 
272280 
272560 
272840 

273120 
273400 
273679 
273959 
274239 

2745 '9 
27479S 
275078 


282341 
282620 
282900 
283.79 
283457 
283736 
284015 
284294 

284573 
284852 
28513! 
285410 
28^688 
285967 
286246 
286525 


296542 
296819 
297097 

297375 
297653 
297930 

298208 
298486 
298763 
299041 
299318 
299596 

299S73 
30O151 
300428 
300706 
300983 


3i3i64i32969i 
3i3440'329965 
3'37'6i330240 

313992  330514 
314269I330789 
3'4545  33'063 


48 

47 
46 

45 
44 
4S 
42 

41 

40 


4821 
3*5097 
3'5373 
3 '5649 
315925 
316201 

316477 
3'6-53 
317029 

3 '7305 


3'7^8o 
3'7856 
318132 
318408 
318684 


301261 
301538 
301815 

302093 

30237013 '8959 

302647  3*9235 

302924!3'95" 

.    ,  303202l3'9786 

286803 [303479 J3 20062 

287082. 303776J320337 
287361 J304033I320613 
287639:3043 101320889 
287918I3045871321164 
28819613048641321439 
288475I305141I321715 
288753.3054181321990 
28903 2 '305695 13 22266 
2893^oJ305972l32254i 
2895^9(30624913228 16 


33i338j39 
331012  38 


33'887 
332161 

332435 

332710 

332984  33 
333258  32 

333807  30 
334081I29 
334355128 
334629 


275358 
275637 

74" 


289867  306526J323092 
290i4S;3o6So3!323367 
290424;307o8oJ3 23642 
290702:307357  323917 
2909811307633I324193 
2912591307910  324468 
29'537'3o8i87  324743 
291815:308464  325018 
2920941308740  325293 
292372i3090i7;325568 


'1" 


334903 
355178 
335452 
335726 
336000 
336274 
336547 
336821 
337095 
337369 
337643 
337917 
338.90 
3384^4 
33S738 
.39012 
339285 

339559 
33983^ 
340106 
340380 
340653 
34092- 
341200 
341473 
34'747 
342020 


70' 


Xatural  (/Os'nn  ,s. 

' 

D  fr.  to 

100"  477 

475 

473 

47 « 

469 

467 

465 

462 

460 

457 

NATURAL  SINES, 


: 

o 

I 

2 

3 
4 

5 
6 

7 
8 

9 

10 

II 

12 
IJ 

H 


342020 

34^293 
342567 
342840 
343«'3 
343387 
343660 

U3933 
344206 

344479 
344752 


345025 
345298 
345S7« 
345844 
I5;346ii7 
16^346390 
I7l 346663 
'81346936 
9'3472o8 
34748 ■ 

347754 
348027 
348299 
348572 
348845 
349117 
349390 
349662 

349935 

350207 


358368 

358640 

358911 

359183 

3  59454 

359725 

359997 

360268 

360540 

36081 

361082 


350480 
350752 
351025 

35 '29/ 
351569 
355842 
352114 
352386 
352658 

35293' 
353203 
3  5347? 
353747 
354019 
35429' 
354563 
354835 
35S"^7 
35^379 
35565' 

355923 
356194 
356466 
356738 

357010 
357281 

357553 
357825 
358096 


52 
53 
54 
55 
56 
57 
58 
1 59 
1603583' 


361353 

36162.; 

36J896 

362167 

362438 

362709 

362980 

36325 

363522 

363793 

364064 

364335 
364606 

364877 
365148 
365418 
365689 
365960 
36623  I 
366501 

366772 
367042 
367313 
367584 
367854 
368125 
368395 
36866, 
368936 
369206 

369476 
369747 
370017 
370287 

370557 
370828 
371098 
371368 
371638 
371908 

372«78 
372448 
372718 


'3528 

■3797 


374607 
374876 
37S'46 
3754'6 
375685 
375955 
376224 

376494 
376763 

377033 
377302 


377571 
377841 
378110 

378379 
378649 
78918 
.79187 
379456 
9725 
379994 
380263 
.80532 
380801 
381070 

381339 
1608 

381877 
382146 
382415 
382683 

382952 
383221 
383490 
38375^ 
38402- 
384295 
384564 
384832 
385101 
385369 
385638 
385906 
386174 
386443 
386711 
386979 
387247 
387516 

387784 
388052 

388320 
388588 


388856 

124 

389392 

389660 

389928 

374067J390196 

390463 

39_o_73 

67 


3743371 
37460 


68-^ 


I  firo 


390731 
390999 
391267 

?9'-i34 
391802 
392070 
392337 
392605 
392872 
393140 
39340' 

393675 
393942 
394209 

394477 
394744 
395O" 
395278 
395546 
395813 
^96080 

396347 
3v66i4 
396881 
397148 
3974 f 5 
397682 

397949 

39821 

398482 

398749 

399016 

399283 

399549 

399816 

400082 

400349 

4006  1 6 

400882 

401 149 

401415 

401681 

401948 

402214 

402480 

402747 

403013 

403279 

403545 
40381 t 
404078 

404344 
4O4610 
404876 
405142 
4O5408 
405673 
405939 
406205 
406471 
406737 


40^73:' 
4O7002 
4O7268 
407534 
407799 
408065 

408330 
408596 
408861 
409127 


422618 
422882 

423145 
423409 

423673 
423936 
424199 

424463 
424726 
424990 


409392  4252: 


409658  42551b 
409923  425779 
0188,426042 
0454-426306 
0719^426565, 
0984I426832 
1249J427095 

i5'4.42735^ 
1779  427621 
2045;427&84 

23T0J42814- 
2575I4284IC 
2840I428672 
3104428935 


3369 
3634 
3899 
4164 
4429 
4693 

4958 
5223 
5487 
575^- 
60 16 
6281 

6545 
68.0 

7074 
7338 


7603 
7867 
8.3' 
8396 
8660 

8924 
9188 
9452 
9716 
419980 

420244 
420508 
420772 
421036 
421300 
421563 
42:827 
422091 
422355 
422618 


660 


42919b 
429461 
429725 
429986 
430249 
4305" 

430774 
43'036 
431299 

43156' 
431823 
432086 
432348 
43  26  I  o 
432873 
433135 


433397 
433659 
43392' 
434183 
434445 
434:^07 

434969 
435231 
435493 
43  57  55 
436017 
436278 

436540 
436802 
437063 

437325 
437587 


'26'' 

43837T 
438633 
438894 

439155 
439417 
439678 
439939 

440 2GO 
440462 
440723 
440984 


444114 

41437  5 
4446  5  5 
444896 
445156 
445417 
445677 
445937 
446198 

6478 
4467 '  8 
446979 

447239 
447499 
447759 
448019 

448279 
448539 
448799 


449059 
449319 
449579 
449839 
450098 

50358 
450618 
450878 
45"37 
451397 
451656 
451916 
452175 
452435 


453990 
454250 
454509 
454768 
455027 
455286 

455545 
455804 
456063 
456322 
456580 

456839 

457098 

457357 
457615 
457874 
458133 
58391 
45S650 
458908 
459166 

459425 
459683 
459942 
460200 
460458 
4607 16 
460974 
461232 
461491 
461749 
462007 
462265 
462523 
^62780 
463038 
463296 

463554 
463812 
464069 
464327 
464584 
464842 

465 lOO 

465357 


29' 


469472 

469728 

469985 
470242 

470499 
470755 
471012 
471268 
471525 
471782 
472038 


484810 
485064 
485318 

485573 
485827 
486081 

486335 
486590 
486844 
487098I51 

^  482352 150 

472294^487606149 
4-2551 I487860J48 
472807I4S81 14147 
473063  488-^67:46 
47332048^621:45 
473576  488875144 
473832J489129I43 
4740881489382  42 
474344!489636j4i 


489890  40 
490143  ~ 


474000 
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475112  49039: 
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493436I26 
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4532i3'46870i  484046  499244 
437848  453472;468958;48430i  499496| 
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13C42 
13292 
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5.9022 
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520761 

53  5>8i 
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523242 
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538526 
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540240 
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541464 
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52-450 
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542442 

527944 

542686 
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528438 
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529673 
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545615 
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558952 
559'93 
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606220 
606451 

606682 
6069  K] 
607:45 
607376 
607607 
607838 
608069 
608300 
60853  I 
608761 

608992 
609223 
609454 
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679228 
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47°~ 


688776 
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693192 
693402 
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693821 
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694240 
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706078J7 
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70648917 
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2026 
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724372 
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728969 
72916^ 


32939  744"'00 
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746832 
747025 
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734323 

734520 

734717 

734915 
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735309 

735506 

735703 
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736097 

736294 
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736687 

736884 

737081 
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738063 
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738455 
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756805  49 
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•768097 
I  >j 768 2*84 
13I768470 
14I76S656 
15:76884 


•'78060 
778243 
778416 
77860S 
778791 
778973 


779156 

779338 
779520 
779702 
.  779884 
0  7690281780067 
17  769214  780249 
i8!76940o|78o430 
i9!769585J78o6i2 

2C  769771 
2:|76q957 


770142 
770328 

770513 
770699 
770884 
771069 
771254 
77 "440 
771625 
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782427 
782608 
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782970 
78315' 
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784776 
784957 
785«37 
7853>7 
785497 
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7938S4 

794061 

794238I 

794415 

79459' 

794768 

794944 

795'2i 

795297 
795473 
795650 
795826 
796002 
796178 
796354 
796530 
796706 
796882 

797057 
797233 
797408 

797584 
797759 
797935 
7981 10 

1798285 
798460 

.798636 


b040  o 
804203 
804376 
804548 
804721 
804894 
805066 
805239 
80541 1 
805^ 
805756 
805928 
806 1 00 
806273 
806445 
806617 
806788 
806960 
807132 
807304 


807475 
807647 
807818 
807990 
808161 
808333 
808504 
808675 
808846 
809017 

"6°" 


829038 
S29200 
829363] 

829525' 
829688! 
829850I 
830012 
830174; 
830337 
830499 
830661 

83^8^] 
830984 
83  I  146 
831308 
831470 
83 163  I 

831793 
831954 
832115 
832277 

832438 
832599 
832760 
832921 
833082 
833243 
833404 
833565 
833725 
833886 


827571 
827734 
827897 
828060: 
828223' 
828386 
828549 
828-12 
828875 
829038 


834046 
834207 
834367 
834527 
834688 
834848 
835008 
835 '68 
835328 
835488 

835648 
835807 
835967 
836127 
8362S6 
836446 
836605 
836764 
836924 
83-08^3 

837242 
837401 
837560 

837719 
837878 
838036 
838195 
838354 
8385'2 
838671 


___ 

83867' 

838829 

838987 

839146 

839304 

839462 

839620 

8397-8 

839936 

840094 

84025^ 

840409 

840567 

840724 

840882 

841039 

841 196 

84'354 
841 5 1 1 
841668 
841825 
841982 
842139 
842296 
842452 
842609 
842766 
842922 
843079 
843235 
84339 


843548 

843704 

843860 

844016 

S44172 

84432 

S44484 

844640 

844795 

84495' 

845106 

845262 

845417 

8455 

845728 

845883 

846038 

846193 

8463 

846503 

84665 

846813 

846967 

847122 

847277 

84743' 

847585 

347740 

847894 

848048 


8+8o4?< 
S48202 
848356 
848510 
848664 
848818 
848972 
849.25 
849279 

"  943  3 
9586 

9739 
9893 
0046 
0199 

0352 
0505 
0658 
08  n 
0964 

1269 
1422 

1575 
1727 
1879 
2032 
2184 
2336 
2488 
2640 


2792 

2944 
3096 
324S 
3399 
3551 
3702 

3854 
4005 

4i|6 

430' 

4459 

4610 

4761 

49'2 

5063 

5214 

5364 

55' 

566| 

5816 

5966 

61 17 

6267 

64'7 

6567 

6718 

6868 

701 

716 


31' 


59" 

i7~ 

8573'7 

857467 

57616 

57766 

579'5 
858065 
858214 
858364 

8585'3 
58662 

8^ii 
858960 
859109 
859258 
859406 

859555 
859704 
859852 
860001 
860149 


56029 

860446 

860594 

860742 

860890 

861038 

861186 

861334 

86148 

861629 

S61777 
861924 
862072 
862219 
862366 
862514 
862661 
862808 
862955 
86310 

863249 

863396 

863542 

863689 

86383 

863982 

864128 

864275 

864421 

864567 

864713 
864860 
865C06 
86515T 
865297 
865443 
865589 

865734 
865880 
866025 

~3U° 


,X.  t. 


.1  Co-sines. 


Dift".  to 
100'' 


309 


302 


295 


288 


282 


275 


268 


260 


253 


246 


NATURAL  SINES. 


60^ 


866025 
866171 
866316 
866461 
866607 
8667S2 
866897 
867042 
867187 
867331 
867476 


6V 


867621 

867765 

867910 

868054 

868199  876727 

8683431876867 

868487  877006 


874620 
874761 
874902 
875042 
845183 
875324 
875465 
875605 
875746 
875886 
876026 

8^6767 
876307 
876447 
876587 


868632 
868776 
868920 


869064 
869i07 
869351 
869495 
869639 
869782 
869926 
8-^0069 
870212 
870356 
870499 
870642 
870785 
870928 
87 107  I 
871214 


877146 
877286 
8-7425 


877565 
877704 
87784-, 
877983 
878122 
878261 
878400 
878539 
8786-8 
87S817 

878^^ 
879095 
879233 
879372 
879510 
879649 


8713571879787 
871499  879925 
871642I8S0063 
8717841880201 


62' 


882948 
883084 
883221 
883357 
883493 
883629 
88376b 
883902 
884038 
884174 
884309 

88^45 
884581 
884:17 
884852 
884988 

885123 
885258 

885394 
885529 
885664 

885799 

885934 
886069 
886204 
886338 

886473 
886608 
886742 
886876 
887011 
887i"45 

887279 
887413 
1^87548 
887681 
887815 

887949 
888083 
888217 
888350 


871927 
872069 
872212 
872354 
872496 
872638 
872780 
872922 
873064 
73206 


873347 
873489 

87363J 
873772 
8739H 
874055 
874196 
874338 
874479 
874620 

"29"" 


880339 
880477 
880615 
880753 
880891 
881028 
881166 
881303 
881441 
881578 


881716 
881853 
881990 
882157 
882264 
882401 
882538 
882674 
882811 
882948 


8S8484 
888617 
888751 
888884 
889017 
889150 
889283 
889416 
889549 
889682 


889815 
889948 
890080 
890213 
890345 
890478 
890610 
8w0742 
890874 
891007 


63^ 


891007 
891139 
891270 
891402 

89'534 
891666 
891798 
891929 
892061 
892192 
892323 

892455 
892586 
892717 
892848 
892979 
893110 
893241 

893371 
893502 

893633 

893763 
893894 
894024 
894154 
894284 
894415 

894545 
894675 
894805 
894934 
895064 
895194 
895323 
895453 
895582 
895712 
895841 
895970 
896099 
896229 


S96358 
896486 
896615 

896744 
896873 
897001 
897130 
8972C8 
897387 
897515 


64^ 

898794 
898922 
899049 
899176 
899304 
899431 
899558 

5 
12 

899939 
900065 


900192 
900319 
900445 
900572 
900C98 
900825 
9OC951 
901077 
901203 

90^29 
901455 
901581 

901707 

901833 
901958 
902084 
902209 
902335 
902460 
902585 

902710 
902836 
902961 
903086 
903210 

903335 
903460 
903585 
901709 
903834 


_5il_ 
906308 
906431 
906554 
906676 
906799  ^ 
9069Z2  9 
907044  9 
907166  9 
907289  9 
907411  9 
90753319 
907655J9 

907777 
907899 
908021 
908143 
908265 
908387 
908508 
908630 
908751 
908872 
908994 
909115 
909236 
909357 
909478 
909599 


3545 


903958 
9C4083 
904207 
904331 
904455 

904579 
904703 
904827 
904951 
905075 


897643 
897771 
897900 
898028 
5156' 
5283! 


27*^ 


898411 


898539- 
898666J 

89S794I 
26 


90519s 
995322 
905445 
905569 
905692 
905815 

905939 
906062 
906185 
906308 


I  20" 


909720 
909841 
909961 

910082 

910203 

910323 

91044319 

910563*9 

910684,9 

9 10804; 9 

910924J9 

911044I9 
91 1 164J9 


91128419 
911403I9 

911523:9 
9' 1643^9 
9.1762J9 
911881  9 
912001  9 
912120  9 
912239  9 
9'2358|9 


9«2477 
912596 
912715 
912834 

912953 

913072 
913190 
9'3309 
9»3427 
913545 


_67 
92050; 


40181920959 

4i36j92ior2 

4254J921185 

43 

4490 

4607  921525 

47251921638 

4842J921750 

4960  921863 

5077 

5194 

5311 

5429 


68- 


69** 


.  ,  ,  .  927184  933580 
3664  920618  927295  933685 
3782  920732  927402  93378<, 
3900  920846  927510  9338t.3 
927619  933997 
927728  934101 

.  927836  934204 

72I921299  927945  934308 

9OI921412  928053I934412 

9281611934515 

928270I934619 


5546 
5663 

5779 

1?^ 
6013 
6130 
6246 
6363 
6479 


921976 

922088 
922201 

922313 
922426 
922538 
922650 
922762 
922874 


928378J934722 
928486J934  26 
9285941934929 

928702  935034 


928810 
928917 
929025 

929133 
929240 
929348 


935135; 
935258: 
93534' 
935444 
9355471 
955650' 


, 9294551935752 
922986^929562  935855 
92309819295691935957 
923210  929776I936060 
923322  929884:936162 
659S!923434  929990I936264 
6712)923545  9300971936366 
6828  923657  930204! 936468 
6944  923768'9303ii!936570 
7060  923880,9304181936672 


7176 
7292 
7408 
7523 
7639 
7755 
7870 
7986 
8101 
8216 


,923991. 
1924102' 
I924213; 
1924324' 
1924435; 
'924546; 
I924657! 
I924768, 
924878! 
924989! 


8331 
8446 
8<6i 
S676 
8791 
8906 
9021 

9135 
9250 

9364 


930524 
930631 
930737 
930843 
930950 
931056 
931162 
931268 

931374 
93 1480 


,■936774 
936876 
936977 
■937079' 
937181 
937282 
937385 
J937485 
1937586 
1937687' 


925099. 
925210I 
925320J 
925430- 
925541 


925651 
925761I 
925871! 
925980.1 
926C9O' 


931586,937788^ 
931691^937889 
93i797i937990i 
9319021938091 1 
932003J9381911 
9321J3I938292I 
932219I938393J 
932324I938493! 
932429  938593 
932534  938694 


9479 
9593 
9707 
9821 
9936 


1920050 
■920164 
•920277 
I920391 
1920505 


9262001932639 

926310.932744 
926419I932849 
9265^.9)932954 
9266381933058 
926747I933163 
9268571933267 
!926966!933372 
927075!9334'6 

I  22o    I  21" 


938794 
938894 
938994 
939094 
939194 
939294 
939394 
939493 
939  593 
939693 
20" 


Natu  III  Cos  nrs 


iff  to 


239       231 


224 


216 


209 


191 


.85 


170 


69 


KATURAL  SINES* 


1 .940782 
2'94088i 

3  94C979 

4  94ic-:'8 

5  94H76 
6,941274 

7  94'572 

8  941471 
9'94's69 

2o'94i666 


70^ 


939693 
939/92 
939S91 

93999« 

94OO9O 
5|9^0l?<y 

6  9402)8 

7  9403'' 7 
81940436 
919405S5 

lO' 940684 


2i}94i-64 

22  94i;i62 

23  94'96o 

24  942057 

25  942.55 

26  942252 

-7  942350 
28  942447 

^9  942544 
30  942641 

3»  94^739 

32  942836 

33  942932 

34  943029 

35  94?'26 

36  943223 

37  9433'9 

38  943416 

39  943512 
jc,  943609 

4'  943705 

42  943801 

43  943897 

44  943993 

45  944089 

46  944185 

47  94428/ 

48  944376 

49  944472 

50  944)68 

51  944663 
52,944758 
53:944854 
54*944949 
^5  945044 
56  945139 

57i945234 

58  945329 

59  9454-4 

60  945519 


M  I  19' 


7r 

9455'9 
'M56«3 
^45708 
>45^02 
945897 

94599' 
946085 
946180 
946274 
946368 
946462 

946555 
946649 

94674? 
946S37 
946930 
947024 
947117 
947210 
94: 304 
947397 
947490 
947583 
947676 
947768 
947861 

947954 
94bo46 

948139 
948231 
9483^ 

94841^ 
9^8508 
9486QO 
948692 
948784 
948876 
948963 
949059 
949«5» 
949243 

949334 
949425 
9495«7 
949608 
949699 
949790 
949881 
949972 
950063 

9  50  ■  54 
950244 

950:35 
950425 
950516 
950606 
9S06«^6 
9 507? 6 
950877 
950967 
9£l0j7 

18' 


7^° 

95'057 
951146 
951236 
951326 
95'4'5 
95 '505 
95 '594 
951684 

951773 
951862 

92_'9_5j^ 
95204O 
952129 


952396  957571 
952484  957655 
952573  957739 


95266 


74' 


-l-l-^  —  l. 


76^ 


956305  961262  96 59 26 '970296! 974370 
956390  9613421966001  970366:9744351 
95647  5 '.96  i4i-,'>^'^076i970436l  974501 
9-,6560|96i502  s^6i  51  970506  974566 
956644961  582  966226J970577  974631 
956729J961662  9663011970647  974696 
9568i4'96i74i  9663761970716  974761 
9568981961821  96645ii9707»6  974826 
956983  96 1901 '966 5 26  970856  974891 
957067*961980  96660OJ970926  974956 
9666751970995  975020 


\JLI1^\J3L]J^—'!1 


■962059 

957235  962139 
9573'9'9622i8 


966749I971065  975O85 

-  .  .      966S23I971I34  975'49 

952218  957404  962297  966X98;*^7i204  975214 
952307  957487,962376  "   ' 
962455 


952750  957906 
952S38  957990 


952926 

953015 
953103 

953191 
953279 
953366 

953454 
953542 
953629 
9n3717 

953804 
953892 

953979 
954066 

954>53 
954240 
954327 
954414 
954501 
954588 


958073 
958156 
958239 
958323  ,  . 
958406(963^4 


955707 
955793 


957822 


962534 
962613 
962692 
962770 
962849 

962928 
963006 
963084 
963163 


966972  971273  975278 
9670461971342 


967120 
967194 
967260 
967342 
967415 
9^17489 
967562 
967636 
967709 
96776 


97 141 1 

971480 

971549 
971618 
971687 


9584891963319  967856 
^58572  963397  967929 

958654   96347  _;   968001 


958737   963553   968075   972302 
^8820   963630   968148   972370 


954674 
954761 
954847 

954934 

955020 

955 ic6 

955192 

955278 

955364 

955450 

955536  960537 

955622  960618 


958902 
958985 
959067 
959150 
959232 
959314 
959396 
959478 
959560 
959642 

959724 
959805 
959887 
959968 
960050 
960131 

t;60212 
960294 

960375 
960456 


903-08 
9637S6 
963863 

9 '^3  94' 
964018 
964095 

964173 
964250 
964327 
964404 


960698 
960779 


955964  96094c 

956049  96 102! 


956134  9611OI 
956220  961 l" 
95630 

17" 


964481 

964557 
964634 
964711 
9647^7 

,b4864 
964940 
965016 

965093 
965 169 

96524s 
965321 
965397 
965473 


955879  960860  965548  969943 


965775 


Ij' 


97^55 
971824 
971893 
971961 
972030 
972098 
972166 
972234 


968293 
968366 
968438 
96851  I 
968583 
968656 
968728 
96s 800 
968872 
968944 
969016 
969088 
969159 
969231 
969302 

969374 
969445 
969517 
969588 


972438 
972506 

972573 
972641 
97270S 
972776 
972843 
972911 
972978 
973045 


969659 
969730 
969801 
96987 


97015 


974'73  977966 
974239  97S026 

y~j^j^  y,  —  ,   974305  978087 

5  961262  965926  9702961974370  978148 


9&5850  970225 


973112 
9 


965624  970014  974108  977905 
965700  970084 


14" 


IS'' 


975342 
975406 
975471 
97>535 
975598 
975662 

975726 
975790 
975853 
97 59 '7 
975980 
976044 
976107 
976170 
976233 
976296 


973' 

973246 

9733'3 

973379 

973446 

9^35'i  977354 


976359 
976422 
976485 
976547 
976610 
976672 
976735 
976797 
976859 
976921 

976984 
977046 
977108 
977169 
977231 
977293 


973579  9774>6 
973645  977477 
9^37J2  977539 


973778  977000 
973844  977661 
973910  977722 
973976  977783 
974042  977844 


978148981627  6( 
978208I981683  5 
978268!98i738.5! 

978329!98i793'5 
978389  98j849:5t 

978449  981904:5 

978509J981959I5 

978569  982014 

978629I982069 

978589.982123 

9787481982178 

^8"o8l982233i4« 
9788671982287,4 
978927198234214 
978986,982396  41 
9790451982450  4 
979105I982505  4 
979'64'982559i4 
979223I982613J4 
979282  982667  4 
97  93hM  982721  4 

979399i982774;3 
979458  982828I3 
9795'7  982882J3 

979575''^^^935'3' 
979634  98298913 


979692 
979750 
979809 
979867 
979925 

979983 
980041 
980098 
980156 
9S0214 
980271 
980329 
980386 
980443 
980500 


98304213 
983096)3 
983149.3 
983202.3 
98325  5  ;3 


12'' 


980558 
98061 5 
980672 
9S0728 
980785 
980842 
980899 
980955 
981012 
981068 

981 124 
981 18  I 

981237 
981293 
981349 
981405 
981460 
9815 16 
981572 
981627 

11" 


983308J2 
983361  2 
98341411 
983466 

983519 
983571 
983624 
983676 
983729 
983781 

983833 
983885 

9-3937 
983989 
984041 
984092 
984144 
984196 
984247 
984298 

984350 
984401 
984452 
984503 
984554 
9S4605 
98465b 
984707 
984757 
984808 

iO" 


Natural  <Josines. 


Difi:  to 

100" 


163 


54     146       13 


113 


97 


88 


NATURAL  SINES. 


»l 


81 


82' 


S-*' 


86' 


9 

10 

1 1 

12 

13 
»4 
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17 
18 

19 
20 

21 
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24 

25 
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27 
28 
29 
t  30 
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32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 

43 
44 
■45 
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1— 

5^ 
S3 
54 
55 
56 
57 
58 
59 
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984808  987688  9  J266  992546,9945^2  996195  997)04 
984858.987734  9^0309'99.'582. 994552  996220  997584 
984909  987779  9'  0349  9926171994583  99624s  997604 
9849591987824  9, 0389:992652; 9946 1 3, 996270;997625 
985009  987870; 990429  992687' 994643 J996295  997645 
985059 '9?79 1 5 1990469 '992722; 994673 1996320;997664 
985109  987960  990509 '992757; 994703  J99634S 1 9^*7684 
985159.95:8005:990549  992792  994733  996370^997704, 
985209  988050:990589,992827  994762  996395:997724; 
985259:988094:990629.9928621994792  9964'9|997743' 


9956 

998645 
998660 

998675 
998690 

998705 


985309:988 i39|990669!99289&i 994822  996444 


985358'988i84'990708 
.985408  988228  990748 
985457  988273:990787 
985507  9883171990827 
5556,9883621990^66 
985605  988406  990905 
985654  988450 
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99,.  93. 1 99485 1 
9929661994881 
993000:994910 

993034I994939 
993068,994969 


985752 
985801 


988538 
988582 

988626 
988669 

988713 
988756 
988800 
988843 


985^50 

985899 

985947 

985996 

986045 

986093 

986141 

986189J988930 

986238!988973 


986286J989016 


986334:989059 
986381  989102 


9865 -2'989272!99 167 1:993768  995562  997053 
98662o'9893i5i99i709;9938oo  9955^9  997075 


990944 
990983 

99  r022 

99 106 1 

991100 
991138 
991177 
991216 
991254 
991292 

991331 
991369 
991407 
991445 


993 '03 

993137 
Cf93*7i 
993205 

93238 
993272 
993306 
993339 

993373.---  ^ 
993406  995256 
993439  995284 
993473  9953 


994998 

995027 
995056 
995084 
995^^3 

995 '42 
995170 
995199 
995227 


996468 

996493 
996517 

99654',,,.  . 
96566,097859 


9935061995340 
9935391995368 
993  572|99539j 

991483I993605  995424 
^__^,.  ,^-  99152119936381995452 
986429  989145  9915581993670:995479 
986477  98918719915961993703  995 S07 
986525|989230i99'634i993735  99553  5 


997763 
997782 
997801 
997821 

997840 


9965   . 
996614 

,96637 

9'^666( 
996685 

967O9 
996732 
996756 

996779 
996802 
996825 
996848 
996872 
996894 
996917 
996940 
996963 

996985 
J997008 

997030 


997878 
997897 
997916 
997934 
997953 

97972 
997990 
998008 
998027 
998045 
998063 
998081 
998099 
998117 
99813 

998 '53 
998170 
998188 


99 
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986667  989357 l99'746;993833  995^^7 
9867  14. 989399^99 '783I993865  995644 
986762!989442;99' 8201993897  99567' 

993929  995698 


986809 
g86856 
9X6903 
986950 
986996 

987043 
987090 


989484 
989,26 
989568 
9X9610 
989651 
989693 
989735 


9871361989776 
987183  08081 
987229 


987275 
98732^ 
987368 
987414 
987460 
987506 
987551 
987597 
987643 
987688 

~9° 


997097 
997119 
99714' 


998223 
998240 

995257 
99^274 
998291 
998308 


99939' 
999401' 
999411. 
999421: 
999431 
99944'; 
9987 '9'9^- 9450 
998734  999460 
9987491999469- 
998763J999479; 
998778I999488 

998792I999497; 
998-^o6!999507j 
9988201999516; 
9988341999525 
9988481999534] 
9988621999542 

99955' 
9<^95bo 
999568 
999577 
999^85 

999594 
999602 
999610 
999618 
999626 
999634 
999642 
999650 

999657 

999665 

999672 

999680 

999687; 

999694 


998876 
998890 
998904 
998917 

.^0893- 
998944 
998957 
998971 
998984 
998997 
999010 
999023 
9^9035 
999048 
999061 

999073 
999086 

999098 
.999111 


44 
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42 

4' 
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38 
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999123  99970! 
999'35!999709 
999'47 :9997'6 
999159  999722 
99917 1  999^29 
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989983 
990024 
990O65 
990105 
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gg0228 

gg0268 
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991894  993961  99.5725 
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991968  994025!995778; 
992005  994056  995805 
992042  994088  995832 
992078  994120:995858 
9921 1 5' 9941 5 1  995884 
992151  994182:9959" 
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99S260I994276  995989 
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9971631998325: 

997185 

997207 

997229 
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092404:994400 
992439i994430 
99247 5 199446 1 
992511:99449 


996093 
995  I  iS 
996144 
996169 


997272 
997293 
9973 '4 
997336 
997357 
997378 
997399 
997420 

99744 
99-462 
107482 


992546  994522  996105 


997503 
997523 
497544 


9985421 
998359 
998375 
998392 
998408 

998425 
998441 
998457 
998473 

998489 
998505 
998521 

998537 
998552 
098568 
998583 
998599 
998614 


992564  998630 
4^ 


999183  999736 

999194  999743 
999206  999749 
9992i8]9997s6 
9992291999762^ 
999340  999768, 
999252  9997751 
9992631999781 
999274  9997  8-7 1 
9992£5!999793j 

9992961999799'^ 
999307:999804: 
999318:9998101 
9993 -8  999816. 
99933919998211 
999350,9998^7: 
999360!999832| 
999370  999837: 
99q38(  999843': 
99939 1 j 9. 9  4'^ 

— r'\   V   I 


8i^«    _M 

999-48:60 

999^53159 
999858158 

999863 '57 
999867:56 
999872155 
999«77'54 
9995^8 1 1  53 
9998'.6!52 
99^890! S. 

999898(49 
999903.4'^ 
999907  47 
999010  46 

9999 '4  45 

999918 

999922 

99992^ 

999929 

999932 

999v36 

999939 

999942 

999v4  5 

99994813 

999951J34 

999954133 

999957|32 

999959;3' 

999962J3Q 

999964129 

999967U8 

999969:27 

99997  I ',2^ 

9999741^^ 
9999" 6 '24 
999978  23. 

999980  22 

999981  21 
999983.20 

999985  19 

999986  '8 
9999'd8  ^7 
999989 
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9999vO  15 

999992  '4 

999993  i3< 
999994' 
999995;'* 

_999996!5' 

999997' 

999997;  8 

999998' 

999998 

999999; 

999999 
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I 000000; 
1 000000 i 
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TABLE  ir: 


THE 


ANGLES 


Jnuch  etery  Point  and  Quarter  Point  of  the  Compass 
makes  with  the  Meridian, 


NORTH 

POINTS 

o         .        /' 

2  48    45 

POINTS 

SOUTH 

0| 

5    37   30 

Of 

H 

8   26    15 

OJ 

N.b.  E. 

N.  b.  W. 

1 

11    15     0 
14      3  45 
16   52   30 
19   41    15 

4 

S.  b.  E. 

S.  b.  w. 

N.  N.  E. 

N.  N.  W. 

2 

22   30     0 
25    18   45 
28     7   30 
30  56    15 

2 

H 

S.  S.  E. 

s.  s.  w. 

N.E.b^N. 

N.W.b.N. 

3* 
31 

3| 

33  45      0 
36   33  45 
39   22   30 

3 
Si 

S.  E.  b.  S. 

S.W.b.S. 

H 

42    11    15 

H 

N.  E. 

N.  W. 

4 
4| 

45     0     0 
47  48  45 
50  37  30 
53  26    15 

4 

H 

S.  E. 

s.  w. 

N.E.b.E. 

-N.W.bW. 

<* 
5 

56    15      0 

5 

S.  E.  b.  E. 

S.W.b.W 

5| 

59      3   45 
61    52   30 

5|- 

5| 

64  41    15 

^i 

E.  N.  E. 

W.  N.  W. 

6 

61 

67  30     0 
70    18   45 

6 

E.  S.  E. 

w.  s.  w. 

H 

73     7  30 

4 

6i 

75   56    15 

H 

E.  b.  N. 

W.  b.  N. 

7 

78  45      0 
81    33  45 

7 

E.  b.  S. 

W.  b.  S. 

84  22   30 

n 

7| 

87    11    15 

H 

East. 

West. 

8 

90     0     0 

8 

East. 

West. 
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TABLE  V. 

A  TRAVERSE  TABLE, 

To  every  Degree  and  Quarter  Degree  of  the  Comfiasa  or  Horizon. 

EXPLANATION. 

This  Table  is  calculated  for  the  easy  and  expeditious  solution  of 
he  several  cases  of  Right-angled  Plane  Trigonometry.  It  is  general- 
y  esteemed  a  useful  and  requisite  assistant  to  the  Surveyor,  the 
Navigator,  and  to  every  one,  who  has  any  concern  wiih  trigonometry 
n  the  exercise  of  his  profession.  The  manner  of  using  it  must  be  very 
tbvious  to  all,  who  are  acquainted  with  the  principles  of  that  excellent 
ranch  of  geometry  ;  but  to  those,  who  have  only  a  superficial  know- 
edge  of  the  subject,  the  following  description  and  examples  will  be 
lecessary. 

In  this  Table,  one  of  the  acute  angles — whether  given,  or  required — 
f  less  than  45^,  is  found,  to  the  nearest  15' at  the  top  of  the  page  ;  but 
f  more  than  45°,  it  must  be  sought  at  the  bottom,  where  the  numbers 
re  found  in  a  retrograde  order.  And  whether  the  angle  under  consid- 
ration,  be  at  the  top,  or  bottom,  the  Hypothenuse,  if  less  than  12u,  is 
Iways  in  ^Distance  column  ;  against  which,  in  a  column  marked  Lati- 
ude,  is  found  the  side  contiguous  to  the  angle  ;  and  in  a  column, 
narked  Departure,  the  side  opposite  the  angle. 

When  the  given  numbers  exceed  the  limits  of  the  table,  any  aliquot 
(arts,  such  as  a  half,  one  third,  &c.  may  be  taken  ;  and  those  found 
orresponding  are  to  be  doubled,  trebled  Sec.  that  is,  multiplied  by  the 
ame  figure,  that  the  given  number  is  divided  by. 

EXAMPLES. 

1.  Let  the  Hypothenuse  of  a  right  angled  triangle =96  and  one  of 
he  acute  angles =330  45'  j  required  the  sides. 

Under  33°  45'  at  the  top  of  the  table,  and  against  96  in  a  Distance 
olumn,  are  found  79.84  in  a  Latitude  column  for  the  side  contiguous 
othe  given  angle,  and  53.34  in  a  Departure  column  for  the  side  oppo- 
ite  the  given  angle. 

2.  Let  the  sides  of  a  right  angled  triangle  be=S9.23  and  66.02  ; 
equired  the  angles  and  Hypothenuse. 

By  inspecting  this  table,  till  these  two  sides  are  found  agamst  each 
ther  in  adjoining  columns  of  Latitude  and  Departure,  the  angle  op- 
.osite  the  longest  side  is  found  to  be  53Q  30',  the  other,  36^  30  and 
he  Hypothenuse,  1 1 1. 

In  this  manner  all  the  cases  of  Right-angled  Plane  Trigonometry 
an  be  readily  solved  ;  but  for  more  particular  directions,  b^oks  on  this 
object  should  be  consTilted* 
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«  DEGREES. 

C 

:: 

c 

30' 

5 

45 

» 

»• 

V. 

v.' 

V. 

Lat." 
1. 00 

0.00 

Lat.    ■ 

Dep. 

0.0 1 

Lat. 

JEpZ 

I 

1.00 

1 

1. 00 

0.0  I 

2 

2.00 

0.01 

2 

2.00 

0.02 

2 

2.00 

0.03 

3 

3-00 

0.01 

3 

3.00 

0.03 

3 

3.00 

0.04 

4 

4.00 

0.02 

4 

4.00 

0.03 

4 

4.00 

0.05 

5 

_1-^ 

0.02 

5 

5'Oo 

0.04 

5 

5.00 
6.00 

0.07 
0.08 

6 

6.00 

0.03 

6 

600 

005 

6 

7 

7.00 

0.03 

7 

7.00 

0.06 

7 

700 

0.09 

8 

8.00 

0.03 

8 

8.00 

0.07 

8 

8.00 

O.IO 

9 

9.00 

0.04 

9 

9.00 

0.08 

9 

9.00 

0.12 

lO 

10.00 

0.04 

10 

10.00 
11.00 

0.09 
0.10 

10 
1 1 

10.00 
11.00 

0  '3 
0.14 

11 

11.00 

~o*^ 

1 1 

12 

12.00 

0.05 

12 

12.00 

0.10 

12 

12.00 

0.16 

•3 

>3  00 

0.06 

'3 

13.00 

0.1 1 

'3 

13.00 

0.17 

'4 

14.00 

0.06 

14 

14.00 

0.12 

14 

14.CO 

0.18 

'S 

.6 

15.00 
;()  00 

0.07 

I? 

15.00 

o-»3 
0.14 

»5 

16 

15.00 
16.00 

0.20 
0.21 

007 

j6 

1 6.00 

I? 

17-00 

0.0/ 

J7 

17.00 

0.15 

»7 

17-00 

0.22 

i8 

18.00 

0.08 

IS 

18  00 

0.16 

c8 

1 8. CO 

0.24 

»9 

19.00 

0.08 

19 

19.00 

0.17 

'9 

1 9.  CO 

0.25 

■. 

20 

20.00 

0.09 

20 

20.00 

0.17 
0.18 

20 
21 

20.00 
21.00 

0.26 
0.27 

21 

2  I. CO 

0.09 

21 

21.00 

22 

22.00 

O.IO 

22 

3  2.00 

0.19 

22 

22.00 

0.29 

-3 

23.CO 

0. 10 

23 

23.00 

020 

23 

23.00 

0.30 

24 

24.00 

o.ro 

24 

24.00 

0.21 

24 

24.00 

0.31 

^S 

25.00 

0.1 1 

25 

25.00 

0.22 

25 

-i?l. 

0-33 

25 

26.00 

0.1 1 

26 

26.00 

0.23 

26 

26.00 

0.34 

27 

27.00 

0.12 

27 

27.00 

0.24 

27 

27.00 

0.35 

28 

28.00 

0.12 

28 

28.00 

0.24 

28 

28.00 

0.37 

29 

29.00 

0.13 

29 

29.00 

0.25 

29 

29.00 

0.38 

.10 

30.00 

0.13 

30 

30.00 
3100 

0.26 
0.27 

30 
31 

30.00 
31  00 

0-39 
041 

3' 

31.00 

0.14 

3' 

32 

32.00 

0.14 

32 

32.00 

0.28 

32 

32.00 

0.42 

33 

33-00 

0.14 

3i 

33-00 

0.29 

31 

33-00 

0.43 

34 

34.00 

0.15 

34 

34-O0 

0,30 

34 

34- 00 

0.44 

3S 

3SOO 

0.15 

35 
36 

35.00 

03 ' 

35 

3500 
36.00 

0.46 
0.47" 

36 

36  00 

0-16 

36.00 

0.31 

36 

37 

37.00 

0.16 

37 

37.00 

0.32 

37 

37-00 

0.4S 

38 

38.00 

0.17 

38 

38.00 

0.33 

38 

38.00 

0.50    }' 

39 

39-00 

0.17 

39 

3900 

0.34 

39 

39.00 

051 

•40 
4' 

40.00 
41  00 

0.17 
0.18 

40 

40.00 

0-3_5_ 

.40 

40.00 

0.54 

, 

4« 

41.00 

0.36 

41 

41. CO 

} 

42. 

42.00 

0.18 

42 

42.00 

0.37 

42. 

42.00 

0.55 

43 

43-00 

0.19 

43 

43-00 

0.38 

43 

43-00 

0.56 

44 

4400 

0.19 

44 

44.00 

0.38 

44 

44.00 

0.58 

45 
46 

45.00 
46.00 

0.20 

45 

45.00 

0.39 
0.40 

45 

45.00 

±}1. 
0.60 

0.20 

46 

46. 00 

46 

46.00 

47 

47-00 

0.21 

47 

47-00 

0.41 

47 

47.00 

0.62 

1  ■ 

48 

48.00 

0.21 

48 

4800 

0.42 

48 

48.00 

0.63 

49 

49-00 

0.21 

49 

4900 
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49 

49.00 

0.64 

50 

50.00 

0.22 

50 

50.00 

0.44 

50 

50.00 

0.65 

5' 

51.00 
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5» 

51.00 

0.45 

5' 

51.00 

0.67 

52 

$2.00 

0.23 

52 

52.06 

0.45 

52 

52.00 

0.68 

i 

53 

53.00 

0.23 

53 

53.00 

0.46 

53 

53.00 

0.99 

54 

54-00 

0.24 

54 

54.00 

0.47 

54 

54.00 

0.71 

: 

55 

55.00 
56.00 
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0.24 

55 

55.00 
56.00 

0.48 
0.49 

55 

55.00 
56.00 

0.72 
0.73 

; 

56 

56 

5(> 

57 

57.00 

0.25 

57 

57.00 

0.50 

57 

57.00 

0.75 

58 

58.00 

0.25 

58 

58.00 

0.51 

58 

57-99 

0.76 

> 

59 

59.00 

0.25 

59 

59.00 

0.51 

59 

58.99 

0.77 

60 

60.00 

0.26 

60 

60.00 

0.52 
Lat. 

60 

5999 
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0.79 

Lat. 

•| 

Dep. 

Lat. 

w 

/g 
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S9  Degreesi 
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0 

15 
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r 
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i     Lat. 
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5^ 
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0.27 
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0.53 

eV 
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0.80 
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0.27 

62 
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63 
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22.82 

22.43 

22  73 

22.53 

22.63 

33 

23.74 

22.92 

23.64 

23.03 

23.54 

23-13 

23-44 

23-23 

23-33 

34 

24.46 

35  62 

2435 

23.72 

24.25 

23.83 

24.15 

23;94 

24.04 

.  -35 
36 

25.18 

!±Ai 

J5;07 

24.42^ 

24.96 

24-53 

2486 

24.64 

2475 

25.90 

25.01 

25.79.' 

25.T2 

25  68 

2523 

25-57 

25-3-f 

25.46 

37 
38 

26.62 

25-70 

26.50 

25.82 

26.39 

2593 

26.^8 

26.05 

26.16 

2733 

26  40 

27.22 

26.52 

27.10 

26.63 

26.99 

26.75 

26.87 

39 

28.05 

27.09 

27  94 

27-21 

27.82 

27.34. 

27.70 

67.46 

27.58 

40 
4» 

28.77 
29.49 

27  79_ 

_286s 

27-91 

Jl-IL 

2804 
28.74" 

28.41 
29,12 

28.16 

28.28 

28.48 

29.37 

28.61 

29.24 

28.86 

28.9^ 

42 

30  21 

29.18 

30.08 

2931 

29.96 

25-44 

2983 

29-57 

29-70 

43 

30.93 

29.87 

30.80 

30.01 

30.67 

30.14 

30.54. 

30.27 

30.41 

44 

3'.65 

30  56 

3^-52 

3^.70 

Si-j"^^ 

3»-84 

3'-25 

3098 

31  II* 

4S 
46 

32-37 

?J_26 

3'-95 

_32-23 

3295 

31.40 

32.10 
32.81 

3f.54 
32.24 

31  96 

32-67 

31.68 

31.82 
3257 

3309 

47 
48 

3381 

32.65 

33-67 

?2.8o 

33-52 

3294 

33-38 

33-09 

33.23 

34-53     . 

33.34 

34-38 

3349 

3424 

J3-64 

34-09  ' 

53-79 

33-94 

49 

3525    . 

54.04 

35- »o 

34-19 

34-95     . 

54-34 

3480 

34-50 

3465 

J0_ 

51 

3597    . 
36.69    , 

5-43 

_35^    • 

34.89 
35-59 

3566     . 

56,38  ; 

3_5_-^  . 

7-7  5 

35-51 

36.22    ; 

3  5-20 
35  90 

36.06 

52 

37-41   : 

6.12 

37.25     , 

6.29 

37'oQ  : 

37.80    2 

6-45 

3693    - 

56.61 

^6.77 

53 

38.12     3(v.82 

37.96  : 

6.98 

7- '5 

37.64-: 

1731 

37.48 

54 

3884    37. 5» 

38.68   : 

7.68 

3S.52    2 

7.85 

38-35   : 

18.02 

38.<»8 

55 

39  56  '38. 2r 

39-40  : 

8.;  8 

39.23    3 

8._5£ 

39-06    : 

8.72 

38-89 

56 

40.28    3 

8.90 

40  1 1   3 

9.08 

39-94   l3 

9.25 

39-77   3 

"9.42 

3960 

57 
58 

4'oo    3 

9.60 

40"3     3 

9-77     . 

40.66   |3 

9-95 

40.48  4 

^0.13 

40.31 

41.72  '4 

0.29 

4'. 55    4 

0.47 

41.37   I40-65 

41.19.  4 

0.83 

41. 01 

59 
60 

to 

42.44    4098 

4''- 2  6    4 

1. 17 

42.08    41.35 

41.90  4 

1.54 

41.72 

43-16   ,41  68 
Dep.  i   Lat. 

42.98    4 
J  U'p 

_1_87__ 
Lat. 

4280    425)5 
Dtp         Lat 

42.61   4 

Dep 

2.24_ 

Lat. 

42.43 

b     L: 

C 

0' 

45/     r 

30/ 

13^         !  0  M-l 

45 

D£G1 

iEES. 

44  DEGREES 

17Z 

to 

6i 

0' 

.   15' 

30' 

1            45' 

0' 
L     dT 
43-13 

Lat, 

Dep. 

Lat. 

Dep. 

Lat, 

Dep^ 

42-76" 

Lat. 

Dep. 
42.94 

43-88 

42-37 

4369 

42.57 

43-5' 

43-32 

62 

44.6Q 

43-07 

44.41 

43-26 

44.22 

43.46 

4403 

43.65 

43.84 

63. 

45-3^ 

43-76 

45-U 

43-96 

44  93 

44.16 

44-74 

44-35 

44  5J. 

64 

46.04 

44.46 

45-84 

144.66 

45  65 

44.86 

45-45 

45.06 

4525 

65 

46.76 

45-15 

j6_56_ 

j45-36 

46.36 

45.56 

46.16 

45-76 

45-96. 

66 

47.48 

f5-85 

47.28 

46.05 

47.07 

46.26 

•  46.87 

46.47 

4.6.67 

G-' 

48.20 

46.54 

47-99 

4675 

47.79 

46.96 

47.58 

47-1^ 

47-38- 

68 

48.92 

47-24 

48.71 

47-45 

4850 

47.66 

48.29 

47.87 

48.08 

69 

49-63 

47.93 

49.42 

48.15 

49-21 

43.36 

49.00 

48.58 

48.79 

70 
•71 

50-3; 
51  07 

48.63 
49.32 

50.14 

48.8^ 
49-54. 

49-93 

49-06 

49  71 
50.42 

49.^8_ 
49-99 

49-50 

50.20 

50.86 

50.64 

49.76 

72 

5.1-79 

50.02 

51  57 

50.24 

5'-35 

50.47 

5 '-13 

50.69 

5091 

73 

52.51 

50.71 

5229 

50.94 

5207 

51.17 

51.84 

,5'-39 

51.62 

H 

53-23 

51.40 

53.01 

51  64 

52.78     5'-87 

525? 

52.10 

52.33 

7? 

53-95« 

5^._io_ 

53-72 

.5^3_ 

53.49     52.57 

53-a6 

52.80 

53.03 

76 

54-67 

•52.79 

54-44 

53-03 

54-21     53.27 

53-97 

Tz~ 

53-74 

77 

55-39- 

53-49 

55-'6 

-13-73 

5^92 

53-97 

54.68 

54.21 

54-45 

78 

56.  rr 

54.18 

5587 

54.43 

5563 

54.67 

55-39 

54-9 » . 
55-62. 

55-^5 

79 

•56.83 

54.88 

56.59 

55-'3 

5635 

55-37 

56.fcO 

^5.86 

80 

57.?$ 

55-57 

57.30 

ii-ii 

57.06 

56.07 

56.81 

56j2_ 

56.57 

.81 

58.27 

56.27 

58.02 

56.52 

57  77. 

56-77 

57.5* 

57.03 

57.28 

82 

58.99 

^6.96 

58.74 

57.22 

58.49* 

57-4r 

58.24 

57-73 

5798 

83 

59  71 

57.66 

59-45 

57-92 

59.20 

58.18 

58-95 

58.43 

58.69 

■^4 

60.42 

58.35 

60.17 

58.61 

59.91 

58.88 

59.66 

59.14 

59.40 

8'5 

61.14 

59C5 

6089 

59-31 

60.63 

59_58_ 

60.37 

59;84_ 

60.10 

86 

62.86 

59-74 

61.60 

60  01 

6.34" 

6028 

61.08 

60.55 

60.81 

87  < 

62.58» 

60.44 

62.32 

60.71 

62.05 

60.98 

61.79 

61.25 

61.52 

.88 

63.30 

61.13 

^  6^.03  . 
63-75 

61.41 

6i77 

61.68 

62.50 

61.95 

62.23 

89 

64.02 

61.82 

62.10 

6348 

62.38  • 

63.21 

62  66 

62.93 

90 

64.74 

62.52 

64.47 

62.80 

6!^.i9 

63.08 

63.9^ 

^•il 

63-64_ 

9' 

65.46 

61.2, 

65.18 

63.50 

6491 

63.78 

64.63 

64-07 

64-35 

92 

66.  r8 

639' 

65.90 

64.20 

65.62 

64.48  • 

65.34 

64.77 

65.05 

93 

66.90 

64.60 

66.62, 

64.89 

66.33 

65.18 

66.05 

65-47 

65.76 

94 

67  62 

6530 

67.33 

65-59 

67.05 

65.89 

66.7-6 

66.18 

66.47 

95 

6^-34 

6  J.  99 

68.05 

66.29 

67.7  6_ 

66-59 

•67-47 

66.88 

67.18 

96 

6§.o6 

6669 

68.76 

66  99 

68.47 

67.29 

68.18 

67.59 

67.88 

97 

69.78 

6;;.38 

69.48 

67.69 

69119 

67-99 

68.89 

68.29 

68.59 

98 

70.50 

6S.08 

70,20 

68.38 

69.90 

68.69 

69.60 

68.99 

69.30 

99 

71.21 

6877 

7091 

69.08 

70.61 

69-39 

70.51 

69.70 

70.CO 

100 

7?.93 

69.47 

71-63 

69.78 

71 Z^ 

70.09 

71.02 

70.40 

70.71 

JOI 

72.65, 

70.16 

72.35 

70.48 

72.04 

70.79 

71  73 

71. II 

71.42 

102 

73-37 

70.86 

;3.o5 

71.17 

72.75 

71.49 

7244 

71.81 

72.12 
72.83 

103 

74-09 

71-55 

73.;^8 

71.87 

73  46 

72.19 

73.15 

72.51 

104 

74- 8 1 

72.24 

74.50 

72.57 

74.18 

72.89 

73.86 

7322 

73.54 

los 

-Zlil 

72.94 

jS±\_ 

73-27 

74.89 

73  60 

74-57 

73-92 

74-25 

io6 

76.25 

73.63 

75-93 

73.97 

7560 

74-30 

75-28 

74-63 

74-95 

107 

76.97 

74-33 

76.64 

74.66 

76.32 

75-00 

75-99 

75-33 

75.66 

108 

77.69. 

75-Oc 

77-36 

75-36 

.77.03 

75.70 

76.70 

76.03 

76.37 

109 

78.41 

75-72 

78.0S 

76.06 

77-74 

76.40 

77-41 

76.74 

77.07 

no 

79-13 

^.4r 

JS_79_ 

76.76 

78.46 

77.10 

78.12 

77-44 

77-78 

III 

79.85 

77.11 

79-5f 

77-45 

79.17 

77.80 

7883 

78.15 

7S.49 

112 

80.57 

7780 

80.23 

78.15 

79.88 

78.50 

79.54 

78.85 

79.20 

•13 

»i  29 

78.50 

•80.94 

78.85 

'  80.60 

79.20 

80.25 

79-55 

79.90 

114 

82.00 

79.19 

{ji.66 

79  55 

8i.3t 

79-90 

80.96  ' 

80.26 

86.61 

i'5 

82.7» 

79.89 

82.37 

80.25 

82.02 

80.60 

81.67 

80.96 

81.32 

116 

83.44 

80.58  1 

83.09   ' 

80.94 

82.74  ' 

81.31 

82.38 

8776" 

82.02 

117 

84.16 

81.28 

83.81    181.64 

83-45  ; 

82.01 

83.09 

82.37 

82.73 

118 

84.88 

81.97  1 

84.52   i  82.34 

84.16  1 

82.71 

83.80 

83-07 

83-44 

119 

85.'6o 

82.66  1 

85.24  :  83.04 

•  84  88 

83-41 

84.51 

83.78 

84.15 

I120 

86.32 

83-36  . 

85.96     83.73 

85-59    84,11   1 

85.22    8448 

84.85 

1    *" 

iTeiT" 

Lat.  1 

Dep.       Lat. 

Dep. 

Lat. 

,  Dep.       Lat. 

L.  D. 

0' 

0^ 

! 

45' 

30 

iJ 

'           1 

45  PKGKRES. 
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TABLE  6. 


MEAN  REFRACTION. 


App. 

Kefr 

App. 

Rel'r. 

App. 

Uelr. 

App. 

Refr 

App 

Uefr. 

Alt. 

Alt. 

Alt. 

A  t. 

Alt. 

0   / 

/  // 

"  / 

/  " 

0  / 

~7~ir 

~  / 

~TT' 

'~o~T' 

/  '• 

O   0 

33  0 

5  ^ 

9  54 

ro  0 

5  i« 

20  ^0 

2  35 

34  0 

1  24 

0  5 

32  10 

5  5 

9  46 

10  10 

5  10 

20  io 

2  34 

34  30 

I  23 

O  10 

3>  22 

5  10 

9  38 

10  20 

5  5 

20  20 

2  32 

35  0 

I  21 

0  15 

30  35 

5  '5 

9  30 

10  30 

5  0 

20  30 

2  31 

3fr30 

1  20 

0  20 

29  50 

5  20 

9  23 

10  40 

4  56 

20  40 

a  29 

36  0 

I  18 

0    25 

29  6 

5  25 

9  »5 

10  50 

4  5' 

20  50 

2  28 

36  30 

1  17 

0  30 

28  23 

5  30 

9  8 

II  0 

4  47 

21   0 

2  27 

37  0 

I  16 

0  35 

27  41 

5  35 

9  I 

11  10 

4  43 

21  10 

2  26 

37  30 

1  14 

0  40 

27  0 

5  40 

8  54 

II  2P 

4  39 

21  20 

2  25 

38  0 

1  13 

_o_45 

26  20 

5  45 

J_47 

11  30 

_4_34 

21  30 

2  24 

38_30 

I  II 

0  50 

25  42 

5  50 

8  4! 

II  40 

4  3' 

21  40 

2  23 

39  0 

1  10 

0  55 

25  5 

5»55 

8  34 

II  50 

4  27 

21  50 

2  21 

39  30 

I  9 

I  0 

24  29 

6  0 

8  28 

12   0 

4  23 

22   0 

2  20 

4Q  ^ 

I  8 

I  5 

23  54 

6  5 

8  21 

12  10 

4  20 

22  10 

2  19 

41  0 

I  5 

I  10 

23  20 

6  10 

8  15 

12  20 

4  16 

22  20 

2  18 

42  P 

I  3 

I  15 

22  47 

6  IS 

8  9 

12  ^ 

4  ^3 

22  30 

2  17 

43  0 

I  1 

/•20 

22  15 

6  20 

8  3 

12  40 

4  9 

22  40 

2  16 

44  0 

0  59 

I  is 

21  44 

•6  25 

7  57 

12  50 

4  6 

22  50 

2  15 

45  0 

•0  57 

I  30 

21  15 

6  30 

7  5' 

13  0 

4  3 

23   0 

2  14 

46  0 

0  55 

1  35 

20  46 

6  35 

7  -15 

►ILi^ 

4  c 

23  10 

2  13 

47  0 

oj_3 

I  40 

20~l8 

6  40 

7  40 

13  20 

3^7 

23  20 

2  12 

48  'o 

0  51 

I  45 

19  51 

6  45 

7  35 

13  30 

3  54 

23  30 

2  II 

49  0 

0  49 

I  50 

19  25 

6  50 

7  30 

13  40 

3  5' 

23  4- 

•2  10 

50  0 

0  48 

1  55 

19  0 

.6  55 

7  25 

13  S^ 

3  48 

23  50 

2  9 

51  0 

0  46 

2  0 

18  35 

7  0 

7  20 

14  0 

3  45 

24  0 

2  8 

52  § 

0  44 

2  5 

18  II 

7  5 

7  15 

14  10 

3  43 

24  10 

^.7 

53  0 

0  43 

2  10 

17  48 

7  10 

7  u 

14  20 

3  40 

24»  20 

2*  6 

54  0 

0  41 

2  15 

17  26 

7  15 

7  6 

14  30 

3  38 

24  30 

2  5 

55  0 

0  40 

2  20 

17  4 

7  20 

•7  2 

14  4b 

3  35 

24  40 

2  4 

56  0 

0  38 

Jj^^ 

16  44 

7  25 

6.57 

14  50 

3  33 

24_50 

2  3 

57  0 

^12 

2  30 

16  24 

T:o- 

6  53 

15  0 

3  30 

25  0 

2  2 

S8  0 

0  35 

2  35 

16  4 

7  35 

6  49 

15  10 

3  28 

25,  10 

2  I 

59  0 

0  34 

2  40 

IS  45 

7  40 

6  45 

.5  20 

3  26 

25  20 

2  0 

60'  0 

0  33 

2  45 

15  27 

7  ^5 

•  6  41 

15  30 

3  24 

25  30 

I  59 

6i  0 

0  32 

2  50 

»S  9 

7  50 

6  37 

l^'^O 

3  21 

25  40 

,  58 

62  0 

0'30 

2  55 

14  52 

7  55 

6  33 

15  «o 

3  19 

25  50 

I  57 

63.  0 

0  29 

3  0 

14  36 

8  0 

6  29 

le  0 

3  17 

26  0 

I  56 

64  0 

0  28 

3  5 

14  20 

8  5 

6  25 

16  10 

3  15 

26  10 

I  55 

65  0 

0  26 

3  10 

14  4 

8  ^0 

6  22 

16  20 

3  12 

26  20 

•  I  55 

66  0 

0  25 

_3_i5 

"3  49 

8  15 

6  18 

16  30 

3  10 

26  30 

J_54 

67  0 

0  24 

3  20 

13  34 

J5  20 

6  15 

16  40 

3  8 

26  40 

-»  53 

68  0 

0  2*3 

3  25 

13  20 

8  25 

6  II 

16  50 

3  6 

26  50 

1  52 

69  0 

0  22 

3  30 

13  6 

8  30 

6  8 

17  0 

3  4 

ij     0 

i  51 

70  0 

0  21 

3   35 

12  53 

8  35 

6  5 

17  10 

3  3 

27  15 

1  so 

71  0 

0-19 

3  40 

12  40 

8  40 

6  I 

17  20 

3  I 

27  30 

I  ^9 

72  0 

0  18 

3  45 

12  27 

8  45 

5  58 

17  30 

2  59 

27  45 

I  48 

73  0 

0  17 

3  50 

12  15 

8  50 

5  55 

17  40 

2  57 

28  0 

'  47 

74  0 

0  16 

3  55 

r2  3 

8  55 

5  52 

17  50 

*2  55 

28  15 

I  46 

75  0 

0*15 

4  0 

II  51 

9  0 

548 

18  0 

2  54 

28  30 

>  45 

j6  0 

0  14 

4  5 

II  40 

_9 5 

5  45 

18  io 

_2_52 

!ll5 

I  44 

77  •  0 

0  13 

~4   10 

II  29 

9  10 

5  42 

18  20 

2  51 

29  0 

I  42 

78  0 

0  12 

4  '5 

11  18 

9  15' 

5  39 

18  30 

.2  49 

29  30 

I  40 

79  0 

0  II 

4  20 

II  .8 

9  20 

5  36 

18  40 

2  47 

30  0 

I  38 

80  0 

0  10 

4  «5 

10  58 

9  25 

5  34 

i^  50 

2  46 

30  30 

I  37 

81  0 

'°  2 

4  30 

10  48 

9  30 

5  3« 

19  0 

2  44 

31  0 

I  35 

82  0 

0  8 

4  35 

10  39 

9  35 

5  28 

19  10 

2  43 

31  30 

I  33 

83  0 

0  7 

4  40 

10  29 

9  4" 

5  25 

19  20 

2  41 

32  0 

I  31 

84  0 

0  6 

4  45 

to  20 

9  45 

5  23 

19  30 

2  40 

32  30 

1  30 

86  0 

0  4 

4  50 

10  II 

9  50 

5  20 

19  40 

•23J 

33  0 

I  28 

88  0 

0  2 

4  55 

10  2  9  55I  5  »8iJ9  50 

2  37 

33  30  -1  26 

90  0  0,  oj 

TABLES  7,  8,  9,  10. 
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TABLE  7 

lABLE  6. 

TABLE  Q.                 1 

Sim's  Paral- 
lax in  Alt. 

Dip  of  the  Hoi-izon. 

Dip  at  differ.  Distances    1 
from  the  Observer.        1 
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a 
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a 
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85 

I 
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90  1   0 

16 

17 
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9^ 
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• 
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TABLE  10. 
The  Semi-diameter  of  the  Sun.' 
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0 
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'^ 
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^ 
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3 

13 
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I 
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s 

0 
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• 
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TABLE  11. 

Ajitiarent  Time  of  Transit  of  Pole  Star. 

This  table  is  adapted  to  leap  year,  particularly  1808*  In  order^ 
make  it  serve  for  other  yearS,  the  time  of  transit  must  be  taken  for  tl 
day  following  that  .c;iven  in  the  months  of  Januar)6an^  February.  F. 
the  first  year  after  leap  year,  one  minute  is  to  be  addejl  to  the  time 
transit  given  in  the  table  ;  two  minutes  for  the  second,  and  three  minuti 
for  the  third  after  leap  year. 

Again,  to  reduce  this  tabl5  td  a  different  meridian  than  that  to'whi( 
it  is  adapted,  viz.  Greenwich;  if  the  longitude  is  between  45°  E,  ai 
A5^  W,  there  is  no  correction  to  be  af)plied.  If  the  longitude  is  betwet 
45^  and  4  35''  E,  one  minut,e  is  to  be  added  ;  but  if  it  is  between  45*  ai 
135^  W,  onei  minute  is  to  be  subtracted.  If  the  longitude  is  betwet 
135°  E,  and  180^,  two  minutes  are  t6  be  added, but  subtracted  if  the  givt 
longitude  is  between  135°  W,  and  180°. 

This  table  is  useful  to  find  the  time  when  the  altitude  of  the  pole  sti 
ought  to  be  observed,  to  find  the  latiKjde  by  its  meridian  altitude  ;   it 
also  useful  in  finding  the  variation  of  the  compass  by  the*  pole  star. 
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2   8 

0  21 

10  27 

8  30 

6  22  '4  20 

2  24 

0  33 

'o  37 

8  3' 

6  ic 

0  18 

10  23 
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6  17  J4  16  '2  21 

0  29 

10  Z3 

8  26 

6  M 

3140 

014 

8  22 

•U  12  ,2  17 

10  29 

6 

TABLE  12. 

Difference  of  Altitude  of  the  Pole  Star  and  the  Pole^  at  different 
distances  of  the  Star  from  the  Meridian. 

As  the  pole  star  is  generally  known,  that  no  opportunity, 
therefore,  may  be  lost  for  determining  the  latitude,  this  table 
is  inserted,  the  use  of  which  is  as  follows  : — 

Find  the  interval  between  the  time  of  observation  of  the 
altitude  of  the  pole  star,  and  that  of  its  passing  the  meridian, 
and  take  out  the  corresponding  equation  from  the  table ; 
Avhich  added  to,  or  subtracted  from  the  true  altitude  of  the 
pole  star,  will  give  the  latitude  of  the  place  of  observation. 

Examples, 


I.  Let  the  corrected  altitude  of  the  pole  star  be  46*>  10^  >3", 
observed  8h.  30'  before  its  passage  over  the  meridian.  Re- 
quired the  latitude  ? 

True  altitude  of  the  pole  star        -        -        46''  10/  N. 
Equation  from  table  12  to  8h.  30'         .     +     15 


Latitude 


47  15  N. 


II.  At  Ih.  10'  after  the  passage  of  the  pole  star  over  the  me- 
ridian, its  altitude  corrected  was  SS^'SHN.  Required  the 
latitude  ? 


True  altitude  of  the  pole  star 
Equation  from  table  12  to  Ih.  10' 


5S^  5V  K. 
I    42 


latitude  -  •  -  57  9  N. 

TABLE  12. 

Difference  of  Altitude  of  Pole  Star  and  Pole. 

Argument    Distance  of  the  Star  from  the  Meridian,  in  Sidereal  Time 

Subtract. 
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.0 

[ours.  1 

4  Hours. 

5  Hours.  1         1 

0 

I"  46'9 

1"  4313 

jU 

3z;6 

is:6 

oo  53:4 

0° 

27.' 7 

60 

^ 

I     46.9 

I     4^-7 

31-4 

13-9 

0     51.4 

0 

25.4 

55 

10 

I     46.8 

I     42.0 

30.3 

12.2 

0    4^.4 

0 

23.2 

5^ 

15 

20 

I     46.7 

I     41.2 

28.9 

10.5 

0     47.3 

0 

20.9 

45 
40 

I     46.5 

n  404 

27.6 

8.7 

0    45-2 

0 

18,6 

2^ 

I     46.3 

I    39.6 

26.2 

6.9 

0     43.1 

0 

lb. 3 

35 

^0 

1     46.0 

I    38.8 

34.8 

S-i 

0    40.9 

0 

14.0 

3^^ 

35 

«     45-7 

I     37-9 

23-4 

I 

3.2 

0   38.8 

0 

11.6 

2> 

40 

I     45-3 

I     36.9 

21.9 

1-3 

0    36.6 

0 

9-3 

20 

4? 

I     44.9 

I     3S-9 

20.4 

0 

59-4 

0     34-4 

0 

7.0 

'5 

SO 

I    44.4 

I     34.8 

18.8 

0 

57-4 

0     32.2 

0 

4-7 

IJ? 

S? 

I     43-9 

I     33-7 

17.2 

0 

55-4 

0     29.9 

0 

a.3 

5 

60 

I     43-3 

I     32.6 

15.& 

0 
81 

53-4 

0     27-7 

0 

0.0 

-^ 

111  Hours!  10  Hours. 

9  Hours. 
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Z 


178   .  TABLE  13. 

Sun's  Beclinalion  for  the  Years  18G8,  1812,  1816,  1820. 


Jan. 

Feb. 

Mar.  April 

May. 

•Tune. 

July 
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Sept 
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Oct. 
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Dec. 
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21     19(23 

21  19   13 

10     3 

I  40 
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21    II 

23  20 

28118  25:   8  16  3     3  14   iij2i  29J23 

l8;l9      0 

9  42 

2     4 

13  1' 

21  21 

23   17 

29'  18     9    7  54  3  26|i4  30  21   38 

23 

15  18  46 

9  21 

2  2? 

*3  31 

21   32 

23   14 

30  17   53               3  49  U  48  21  48 

23 

11  18  31 

Ijl 

2  50 

n   5C 

i\  42 

23   10 

3117   36)             t4    13                21    56 

IS  16 

8  38 

14    IG 

23     6. 

EXPLANATION  AND  USE  OF  THIS  TABLE. 

The  Declination  of  the  Sun  is  an  arch  of  a  mericiian  contained 
between  its  centre  and  the  equinoctial,  which  arch  is  reckoned  in 
dei^rees,  minutes,  &c. 

In  the  first  quadrant  of  the  ecliptic,  from  about  the  21st  of 
March,  to  the  21st  of  June,  the  Sun*s  declination  is  North,  and 
increasing  ;  and  in  the  third  quadrant,  between  the  22d  of  Sep- 
tember aud  21st  of  December,  the  Sun's  declination  is  South,  and 
increasinj^  In  the  second  quadrant  of  the  ecliptic,  from  about 
the  21st  of  June  to  tKe  22d  of  September,  the  Sun's  declination  is 
North,  and  decreasing  ;  and  in  the  fourth  quadian*.,  between  the 
^Mst  of  December  and  the  21st  of  March,  the  Sun's  declination  iS 
South,  and  decreasing  ;  which  will  be  readily  perceived  by  in- 
speciing  the  tabic. 

In  this  table,  the  Sun's  declination  is  given,  from  the  year  1808 
lb  1823   iiclusive,  calculated  for  the  ii^tant  of  noon,    each  day,  at 


TABLE  13.  ITi^ 

Sun's  Declination  for  the  Years  1809,  1813,  1817,  1821. 


^ 

Jan. 

Feb. 

Mar  AprU  May.  June.  July. 

Aug. 

Sept 

0  cl 

Nov. 

Dec. 

1 

S. 

S~~ 

s. 

JL.i-^- 

_N- 

N. 

N" 

Is. 

rf. 

b. 

S. 

~r 

0  • 

w   /   i  ^  / 

"Q  / 

«  / 

«  / 

Q     1 

"*r"r 

~o"~ 

«  T~ 

, 

2j   2 

i7  7 

7  37 

4  30115  2 

22   3 

23  9 

18  6 

8  22 

3  7 

14  24 

21  49 

2 

22  56 

16  50 

7  H 

4  53 

15  20 

22  II 

23  5 

17  50 

8  0 

3  31 

14  43 

21  50 

3 

21  51 

16  53 

6  51 

5  16 

15  38 

22  18 

23  0:17  35 

7  3^ 

3  54 

IS  2 

22   7 

4 

22  45 

16  15 

6  28 

5  39 

15  55 

22  26 

22  55  17  19 

7  16 

4  17 

IS  IX 

22  15 

_5 

6 

22  3^ 
22  51 

ILiZ 
's  39 

6  5 
5  45 

6  2 
6  24 

16  13 

ii6~30 

22_22 
22  39 

22  50^17  3 

6  54 

4  40 

5  4 

IS  58 

22  23 
22  30 

22  44 

.6  47 

6  31 

22  24 

15  20 

5  '9 

6  47 

i6  46 

22  45 

22  38 

16  30 

6  9 

S  2715  16 

22  37 

8 

22  16 

15  I 

4  55 

7  9 

17  3 

22  51 

22  ^i 

16  13 

5  46 

5  50 

10  33 

22  44 

9 

22   8 

14  42 

4  32 

7  32 

17  19 

22  56 

22  25 

IS  56 

5  24 

6  U 

16  51 

22  50 

10 

^59 
21  50 

H  3 

4  9 
3  41 

4^ 

8  16 

ilii 
n  51 

23  5 

22  10 

IS  21 

5  I 

6  35 

17  8 

22  56 

438 

17  25 

23   I 

12 

21  40 

13  43 

3  21 

8  38 

i8  6 

23  9 

22   2 

15  3 

4  .5 

7  21 

17  41 

23  6 

13 

21  30 

13   23 

2  58 

9  0 

18  21 

23  13 

21  53 

14  45 

3  52 

7  43 

17  57 

23  10 

14 

21  20 

J3  3 

2  34 

9  22 

18  36 

23  p6 

21  44 

•4  27 

3  29 

8  6 

18  13 

23  14 

15 

iL_9 

12  42 

2  II 

J_43 

i8_SC) 

iL19 

21  35 

14  8 

3  6 

8  28 

18  29 

23__i_7 

Tt 

20  58 

12  22 

»  47 

10  5 

19  4 

23  22 

21  25 

13  49 

2  43 

8  50 

"18  Tl 

23  20 

17 

20  46 

12  I 

I  23 

JO  26 

19  18 

23  24 

21  16 

13  3G 

2  20 

9  13 

18  59 

23  23 

18 

20  34 

ij   40 

0  59 

10  47 

19  31 

23  25 

2r  5 

13  II 

I  57 

9  35 

19  13 

23  25 

.9 

20  22 

11  18 

0  36 

II  8 

i^  44 

23  27 

20  55 

12  S2 

I  11 

9  56 

19  27 

23  26 

20 

20  9 

10  57 

0  12 

S. 

u  28 

19  57 

23  27 

20  44 

12  32 

I  10 

10  18 

19  41 

23  27 

— 

nT 

S. 

21 

19  $6 

10  35 

0  12 

II  49 

20  10 

23  28 

20  32 

12  12 

0  47 

10  40 

19  s5  23  2« 

22 

19  42 

10  13 

035 

12   9 

20  22 

23  28 

20  21 

II  52 

0  23 

II  I 

20  08  23  28 

-3 

19  28 

9  52 

0  59 

12  29 

20  33 

23  27  20  9 

II  ^2 

c  0 

u  22 

20  21  23  27 

24 

19  14 

9  29 

I  23 

12  49 

20  45 

23  26  19  56 

11  11 

0  24 

II  43 

20  11   23  26 

2S 

i8j_9 

9  7 

1  46 

13  9 

20  56, 

23  25  19  44 

10  51 

0  47 

12  4 

20  45  2J  25 

26 

i8  44 

8  45 

2  £0 

13  28. 

21  ~6 

23  23  K9   3^ 

^30 

I  10 

12  25 

20  57.23  23 

27 

18  29 

8  22 

2  33 

13  47 

21  17 

23  21  19  17 

10   9 

I  34 

12  45 

21   8  23  21 

28 

18  13 

8  0 

2  57 

14  6 

21  27 

23  19 

^9  3 

.9  48 

I  57 

13  5 

21  19123  18 

\ 

•29 

17  57 

3  20 

14  25 

21  36 

23  16 

18  49 

9  27 

2  21 

13  2S 

21  29I23  15 

30 
11 

LIJlL 

3  43 

4  7 

!±.ll 

21  45 
21  54 

23.  13 

18  21 

9  5 

2  44 

13  45 

14  5 

21  39J23  «i 

17  24 

8  44 

23  7 1 

the  Meridian  of  Greenwich,  or  the  meridian,  at  which  we  begin 
to  reckon  the  Longitude.  It  is  to  be  taken  out  with  the  month  at 
the  top,  and  the  day  in  the  left  hand  column,  at  the  same  t\me,^ 
«oting  whether  it  be  Nortii,  or  South,  as  expressed  at  the  top  of 
each  column.  The  declination  being  here  given  to  the  nearest 
minute,  it  will  be  found  sufficiently  exact  for  the  most  common 
and  useful  problems,  wherein  it  is  concerned. 

The  sun's  declination  is  necessary  to  find  the  latitude,  whether 
St  sea  or  land,  from  the  meridian  altitude  observed  ;  it  is  also  re- 
quisite for  finding  the  latitude  from  two  altitudes  observed  with 
the  interval  of  time  measured  by  a  watch  ;  it  serves  for  comput- 
ing the  sun's  azimuth,  having  his  altitude  and  the  latitude  of  the 
place  given,  in  order  to  find  the  variation  of  the  compass  ;  it  is 
required,  jointly  with  the  latitude  of  the  place  and  the  sim's 
horary  angle,  to  compute  his  altitude,  if  neglected  to  be  observed 
at  the  time  of  taking  the  moon's  distance  from  the  sun  for  finding 
the  longitude,  being  useful  to  facilitate  the  calculation  of  the  effect 


I3i  TABLE  13. 

Sun's  Declination  for  the  Years  1810,  1814,  1818,  1822.. 


If 

Jan.  1  Feu. 

Mar.  Api.l  1  May. 

June. 'July.  |Aug  |Sept|  Oct 

Nov.'!  Dec 

"T  ~ 

S 

SIN.-    N 

N     f    N     i    N. 

N         .s. 

S.     1    .,"■ 

0 

</    1 

.   ,   \   ■>    .       0    ■ 

' 

0    / 

0    ,    1  0  / 

0    y    '   0    / 

1 

23     3 

17    12 

7  43.   4  24' 14  57 

22      1 

23  10 

r8     9 

8  27I  3     2 

14   20 

21  46 

2 

22  58  16   54 

7   20,   4  47  15    16 

22      9 

23     6I17  54 

8     5 

3  25 

14  39 

21  56 

3 

22  52:16  37 

6  57     5   »o  15  33 

22   16:23     »li7  397  43 

3  48 

14  58 

22     5 

4 

22  46  16   19 

6  34 

5  Z?>  IS  5J 

22    24  22    56117    23 

7  21 

4  12 

15   17 

22  13 

_5 

22  4c  16     1 

6   11 

5_5j  16     8 

22    31 

22  5i|i7     7 

6  59!  4  35 

15   3522211 

6  22  33!i5  43 

S  48 

6  19  16  26 

22    37 

22  46! 16   5I 

6  37;  4  58i'5  53  22  28 

7    22    26    15    24 

5   24 

6  41  16  42 

23   44122    39' 16    34 

6    14!    5    2l[l6    li    23    36 

8  22  i8;i5     6 

5      I 

7     4  16  59 

22   49J22    33; 16    17 

5  52 

5  44  16  29  22  42 

9  22  10:14  47 

4  38 

7  26  17   15 

23    55I22    26116      0 

5  29 

6     7  16  46  22  49 

10 

22     1114  27 

4   '4 

7  49  17  31 

23  00122    19   x^ji 

5     7 

6  30  17     4'22  54 

II 

21   52'i4     8 

3   51 '   8   11,17  47 

23       4  22    11    15    25 

23     8  22     315     8 

23    12  21    55JI4   50 

4  44 

6  53  17  20  23  00 

12 

21  42. 13  48 

3  27i  8  33.18     2 

4  21 

7   I5i»7  37|23     5 

»3 

21   33 

13    2» 

3     4!   8  5518  17 

3   58 

7  38-17  53  23     9 

i4!2i  22 

13     8 

2  40'  9  16,18  32 

23   16^21  46! 14  31 

3  35 

8     0  18     9^23   13 

ISi2I     II 

'2  47 

2  i6i  9  38 

18  47 

2?   »9;2i  37  ^4  13 

3   12 

8  23  18  25  23   16 

l6l2l'~0 

12  27 

I   53     9  59 

19     I 

23  21I21   28  13  54 

2  491   8  45I18  40  23   19! 

'7i20  49 

12     6 

I   29 

10    20 

19  14 

23  23I21   18  13  35 

2    2u 

9     7i»8  55  23  22 

18120  37 

11  45 

»     5 

10  42 

19  28 

23  25;2i     8ii3   16 

2      2 

9  29119   iO;23  24 

19I2O  25 

II   24 

0  42 

II       2 

19  41 

23  26*20  57112  56 

»   39 

9  51  19  24:33  26 

20  20  12 

II     2 

0  18 

II    23 

19  54 

23  27 

20  46 

12  37 

I    16 

N. 

10  13,19  38123  27 

i        i 

1 
21  19   59 

10  41 

0     6 

II    44 

20     6 

23  28 

20  35 

12  17 

S. 
0  52 

»o  34^9  5*1 23  27 

22il9    45 

10   19 

0  29  12     4 

20  19 

23  28120  23|ii  57 

0  29I10   56.20     5|2J   28J 

23;'9    3« 

9  57 

0  53  12  24 

20  30 

23  27.20  121 11  37 

0     6jii   17 

20  18  23  27 

«4'i9   »7 

9  35 

I   17  12  44 

20  42 

*3   27ii9  59|ii   16 

0  18111   38 

20  30.23   27 

25119     3 

9   i3 

1  40 

13     4 

—  li 

23  25  19  47I10  56 

0  4i|ii  59 

20  42i23  25 

2b: 18  48 

8    50 

2     4 

13   23 

21     4 

23  24:19  34I10  35 

1     5ji2  20 

20    54:23    24 

^j!^^  ^^ 

8   28 

2  27 

13  43 

21   14 

23  22:19  20  10  14 

1  28' 12  40 

21       5|23    23i 

28  18  17 

8     5 

2    SI 

14     1 

21  24 

23   I9ii9     7     9  53 

1   52' 13     0 

21  a6  23  19 

.29!  18   1 

3   14 

14  21 

ai  34 

23    17118  531   9  32 

2    15    13    21 

21    27   23     16 

3o|i7  45 

3  37 

H  39 

iLil 

23    I3!i8  39!   9   10 

2    38:  13    40 

21    37   23    12 

3i| 17  28 

4     I 

21    52 

'18  24!    8  49 

Ih  0 

23     8 

of  refraction  and  parallax  upon  the  distance  ;  it  is  also  necessary 
to  calculate  the  apparent  time  from  an  obsered  altitude  of  the  sun 
at  a  distance  from  the  meridian,  the  latitude  being  given  ;  or  to 
compute  the  time  of  the  sun's  setting  or  rising  ;  which,  though 
a  less  accurate  method  than  the  former  of  obtaining  the  time,  may 
yet  be  uselui  when  that  cannot  be  had.  For  any  of  these  purposes 
the  sun's  declination  must  be  found  to  the  time  given  nearly,  re- 
duced to  the  meridian  of  Greennvich,  making  proportion  accord- 
ing to  iis»daily  increase,  or  decrease,  by  the  help  of  table  14,  as 
in  the  lollowing  examples. 

1st  Required  the  Sun's  Declination  at  noon  in  New-York,  in 
longitude  74^  8'  West,  on  the  liit  of  April,  1811. 

Dec  for  April  1st,  18 11,  at  Greenwich,  in  Tab.  13  =  4*^  18' N. 

Jxjuation  for  Long.  Table  14.  =     4.  4  50" 


Required  Declination  =  4''  22'  50^'.N. 


TABLE  13.  181 

Sun's  Declination  for  the  Years  1811,  1815,  1819,  1823. 


Jan 

Feb    IMar 

April 

.   iMay 

,June. 

July.}  Aug 

Sept!  Oct. 

I  Nov. 

Deer 

1. 

~sr~ 

S, 

]M. 

"nT" 

N. 

N. 

j-r 

N.   •     S. 

\^z 

:>r~ 

0 ' 

0    '      e   ' 

0    J 

«  ' 

©    / 

0    T 

0   /       <►   / 

©    ~ 

I 

23  4 

17   '6-7  48 

4   18 

•4  53 

21    5c 

>  23   ii|i8  13 

8  32'  2  56 

•14  15 

21  44 
«i  53 

2 

22  59 

io  59  7   25 

4  42 

15   11 

22     7 

23     ' 

17  58 

8    II;    3    19 

14  34 

3 

22  ;4 

•6  4»  7     3 

5     i 

15    2V 

22   15 

23     2:17  42|7  49    3  43  ,4  53 

22     2 

4 

22  48 

16  24  6  40j   5  28 

15  47 

122  22 

22  5S 

I17  2717  27    4     6ji5   12 

22  11 

5 

22  41 

16     6  6   17 

;  5  50 

16     4 

|22    29 

122    52 

-I7_ii!7     5'  4  29'K  ^i 

IL12 

"    ■- — 

6 

22  35 

M  47  5   53 

!   6   13 

16  21 

22   36 

|~4l 

i6  55*6  42    4  52 

>5  49 

22    27 

7 

22    27 

15   2915  30 

.   6  36 

i6  38 

22   42 

22  41 

16  38  6  20    5   15 

16       7]22    34 
16    2522    41 

8 

22    20 

15   I0i5     7 

6   s8 

16   55 

22   48 

"  35 

16  22  5  57     5  38 

9 

22    12 

•4  5M4  43 

7   21 

17    IIJ22    53,22    28 

16     45  35     6      I 

16    42.22   47 

10 

22_3 

14  32;4  20 

7  43 

17    27|22    5922    21 

15  47  5   12    6  24 

16   59J22  53 

J"i 

21     54 

'4  »3!3   57 

«•    5 

17  43'23     3:22   13 

15  30  4  49     6  47 

17    16  22  78 

12 

21    45 

»3  53,3  S3 

8  27 

17   i8 

23       722       5 

15    12 

4  27    7   JO 

^7  33:23     3 

IJ 

21    H 

13  33i3     9 

8  49 

18  14 

23    Ij|2I    57 

«4  54 

4    4    7  32 

17  49I23     8 

»4 

21     25 

13   13 

2  45 

9   »i 

18  28 

23   i5|2i  49 

14  36 

3  41     7  55 

18     5U3  12 

15 

21     14 

12  52 

9  33 

18  43 

23    «8 

21  40 

14   17 

3   17     8   17 

'8  21  23   16 

16 

21       3 

12  32}i   59 

9  54 

T8-7? 

23  21 

-3-0 

13   58 

2  54.   8  4c 

«8  36  23   19 

17 

20    52 

12  II 

I  35 

10   15- 

19   II 

23   2? 

21   20 

13  40 

2  3i     9     2 

18  51  23  21 

18 

20   40 

II    so 

1    II 

10  j6 

19  25 

23  25 

21    10 

13   20 

2     8,   9  24 

19     6I23  24 

19 

20    28 

u   29 

0  47 

10  S7 

19  38 

23  26 

21     0 

13      1 

1  4s'  9  46 

19  21J23  25 

20 

20    15 

II     7 

0  24 
S. 

N. 

ir   18 

19  51 

26  27 

20  49 

12    41 

1  21 

10     7 

•9  35  23  27 

S. 

21 

20       2 

10  46 

0     0 

II  39 

20     3:23   28 

20  38 

12    22! 

0   58 

10  29 

19  48j23  27 

22 

19    49 

10  24  0  24 

II   59 

zo   i6'23   28 

20  26 

12      z\ 

0  35 

to  50 

20     2123   28 

"^. 

iy  3S 

10     2:0  47 

12   19 

20  28:23   27 

20  14 

11    41: 

0   11 

u    12  20  14  23  28] 

Hi 

ly    21 

9    40;1     11 

»2  39 

20  39' 23   27 

20     2 

11   21,0   :2jii   33120  27  23   27 

^: 

ij      6 

9    18.1   35 

12   S9 

20   50*23   26 

ly    50 

II      10  36  II   54:20  39:21   26 

26; 

^^2 

8   56  I   58: 

13    i9i 

21      1:23    24 

19   37 

10  40  0  59  12   15:20  51  23   24 

271 

i8  36 

8  33 

2  22 i 

13  38J 

21    12  23   22 

19   24 

10    19    I     23    12    35121        2   23    22 

28! 

i?>  zr 

8   u 

2  45 

13    57 

21    22,23   20 

19    10 

9  58,1  46  12  55'2i    13:23  20 

tg'. 

.8     5 

3     9^4   16 

n   32:23  17 

18   56 

9  37:*     9>3   16,21   24  23   17 

30  r^49 

3   32  f4  35 

il_i!;^ii 

18  43 

9    '5^2  33  13   36  21  34:33   13 

3Jii7  32 

3   55^ 

iJ   5oi 

18  28 

8  54i         ii3   SS             ,'23  ^9 

N.  B.  To  find  the  equations  in  Table  14, — seek  the  Sun*s  de- 
clination to  the  nearest  degree  in  the  top  line  of  the  table  ;  then, 
UHvler  this  declination  and  against  the  ij^iven  Lon.  in  the  left  hand 
coiumiJt  is  ibund  the  equation  for  Lon.  and  in  the  same  column 
with  the  dec.  and  ai^ainst  the  given  time  from  Noon,  in  the  right 
hand  column,  is  found  the  equation  for  time  ;  both  which  equa- 
tions must  be  added,  or  subtracted,  according  to  the  directions  at 
tlie  head  of  the  Table. 

2d  Required  the  Sun's  Declination  on  the  1st  of  INIay,  1811,  at 
5  h.  48  min   P.  IVI.  in  Longitude  72°  W. 

Dec.  May  1st,  1811,  table  13.  =  U^  53'  N. 
Equat.  for  Lon.  ^  -1-3  41'' 
Lquat.  for  Time     =        -f  4  27 


Reduced  Dec. 


15 


1     8  N. 


1S2 


TABLE  14. 


When  Sun's  dec.  increases.      When  Sun's  dec.  decfcases. . 
Add  in  W.  Ion.  I   Add  af  noon.  |  Sab.  in  W.  Ion.  1  Sub  af.  noon. 
Sub  in  K.  Ion     1  Sub.  be. noon    j  Add  in  E.  Ion.    [  Add  be.  noon. 


L(.n. 

c 

.un's  Declina 

ion. 

'ii.  fr. 
noon. 

o'' 

2° 

4' 

d"' 

%" 

—^l. 

I0« 

ii*' 

0° 

"o^o" 

o'o" 

o'o" 

o'o^ 

00" 

o'o" 

o'o" 

o'o" 

ohom 

3 

0  12 

0  12 

0  12 

0  II 

0  II 

0  15 

0  II 

0  II 

0  12 

6 

0  24 

0  24 

0  24 

0  23 

0  23 

0  22 

0  22 
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